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ADVERTISEMENT. 



THE handsome^andflatteripg reception which 
the former volume of thifl work has met with 
from the public, has afforded the author suffi- 
cient encouragement to proce^ed in the pls^n which 
he originally proposed. He trusts that his read- 
ers, and particularly those gentlemen and ladies 
who have introduced tlie Scientific Dialogues 
into their schools, will find that the subjects of 
Hydrostatics and Pneumatics are rendered, in 
most instances, perfectly familiar to the pupils 
who have attended to the Conversations on 
Mechanics, to which he had occasionally refer*' 
red. 

Perhaps in that part of the third volume which 
respects the specific gravities of bodies, the 
arithmetical operations, though rendered as fa- 
miliar as the nature of the sul^ect will admit of, 
may be deemed less easy than the other parts. 
To those young persons, however, who have 
studied the subject of decimals, which is by m 
means a difficult part Of Arithmetic, no obstacle 
will present itself, even in the method of obtain- 
ing, by experiment and calculation, the specific 
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ffravity of any bgdy whatever. In come oases 
It njay Ije desirable to pass over this part of the 
boolc till the reader be a little more grotlnded in 
arithmetical operations ; but it would have been 
inexusable in the author to have -omitted it in 
his plan. The subject is important, and when 
underitood, it will be found not less interesting 
than the other parts of the work. Authors in 

Seneral have not illustrated this branch of Hy- 
rostatics in a manner suited to the apprehen- 
sioa of young persons; and, on that account, 
it will be found discussed much at large in the 
Scientific Dialogues. 

It is hoped that the explanations of all the 
Hydrostatic and Pneumatic Engines are perfect- 
ly adapted to the unaerstanding. of those for 
whom this course of instruction is intended: 
that they are, in almost all cases, treated in ci 
manner more familiar than has hitherto been 
attempted, will not, it is preaumed, be denied. 
The authofi in proof of this assertion, might, if 
hp were inclined to mention particular instances, 
refer to the illustrations of the fiature and prin- 
ciples of the Hydrostatic Parados and of the 
^ho and steam-engine ; hut he conceives he 
may confidently appeal to the judgment and de- 
pision of those that are accustomed to teach 
these branches of science, with respect to the 
tokilie of the yolume now presented to the 
public. 
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10 aVBRQSTATICS. 

periments which I shall show you are curious 
and highly amusinjE;. 

Emma. Shall we be able to repeat them our- 
selvea? 

Father. Most of thero you will, provided you 
are very careful in using the instrumeuts, al- 
most all of which are made of glass. I ought 
to tell you that many writers divide this subject 
into two distinct parts, viz. hydrostatics and hj/- 
drauUca; the latter relates particularly to l^e 
motion of water throu^ {Hpes, conduits, &c 

In these conversations, 1 shall pay no regard 
to this distinction, but shall, under the een6rsl 
title of hydroBtaticB, describe the propenies of 
all fluids, but principidly those of water; ex- 
plaining, as we go on, the motions of it, whether 
in pipes, pumps, siphons, engines of difiereot 
kinds, fountain^ &c. Po you know what a 
fluid is? 

Charles. I knew how to distinguish s fluid 
from a solid : wtfer and wine are fluids, but 
why they are so ealled I cannot teH. 

Father. A fluid is generally defined as a body, 
the parts of which readily yield to any impres- 
sion, and in yielding are easily moved among 
each other. 

Emma. But this definition does not notice 
the wetting of other bodies brought into con- 
tact with a fluid. If I put my fingers into water 
or milk, a part df it adheres to uiem, and they 
are said to be wet 
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Father. Every nccarated^nition' must marlc 
the qualities of all the individual things defined 
by it : now there are maoy, fluids which have 
not the property of wetting the hand wh^ plung- 
ed into them. The air we breathe is a fluid, 
the parts of which yield to the least pressure, 
but it does not adhere to the bodies lurrounded 
by it like water. 

Emma. Air, however, ia so different from 
water, that in this respect, they will scareely 
admit of comparison. 

Charles. I have sometimei di^^ed my finger 
iAto a cup of quicksilver, but oooe of the fluid 
. came away with it 

Father. You are ri^t; and hence you will 
find that some writers on natural philosophy dis- 
tinguish between fluids and liquids. Air, quick- 
silver, and melted metals, are fluidp, but not 
liquids : while water, milk, beer, wine, oil, spirits, 
&c- are fluids and liquids. 

Gharks. Are we then to understand, that li- 
quids are known by the fovperty of adhering to 
diflerent substances which are immepsed in 
them? 

Father. Thi^ description will not always 
hold ; for though mercury will not stick to your 
hand, if plunged into a cup of it, yet it will ad- 
here to many metala, aa tin, gold, &a. Thedis- 
tmcllon between liquids and fluids is introduced 
into books more on account of common conve- 
nience, than philosophical aceuracy : the Uquid 
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is ctifltinguidied by the eohesion of its particles 
with each other. • ■ 

3tnma. You aaid, I believe, thit a fluid ia de- 
fined as a body, whose parta yield to the small- 
est force impressed. 

Father. This isthe definition oTa perfect fluid ; 
tnd the less force that is required to move the 
paru of a fluid, the more perfect is that fluid. i 

Charles. But how do people reason respecting 
the partieles of whieh fluids are composed f 
have they ever seen them ? 

Father. Philosophers imagine they must be 
exceedingly small, because with their best glass- 
es they have never been able to discern them. 
And they contend that these particles must be 
round and smooth, since they are so easily mov- 
ed among and over one another.- If they are 
round, you know there must be vacant spaces 
left between them. 

Emma. How is that, Papa ? 

Father. Suppose a number of cannon balls 
were placed in a large tub, or any other vessel, 
(Plate I. Fig. 1.), so as to fill it up even with 
the edge: though the vessel would contain no 
more of these large balls, yet it would hold in 
the vacant spaces a great many smaller shot ; 
and between these, oUiers still smaller might be 
introduced ; and when the vessel would contain 
no more small shot, a great quantity of sand 

■BefrKoteB,p,tfi. 
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migbt be shaken ia, and, between the pores irf* 
these, water or other fttJds will readily insi* 
nuftte themselves. 

Emma. Thfs I under^nd ; btrt are there any 
other prot>l8 that ws^er is made «p of sueh glo* 
hular particles ? 

Father. There are seve)ral;-^laqui^pkntS| 
that is» plants whieb Hire in water, a^ said to 
have their pores roood^ and are thereby adapted 
ta.reeetve the same shaped partieles of water : 
all minieral and medibinal waters evidendy de» 
rive their pecaliar eharacter from thediffer^nt 
substances taken into their pores ; from which 
ft has been concluded, that the partieleaof water 
»re globular, because such admit of the largest 
intervals. 

Upon this principle tinctures, as those of 
bark, rhubarb, &c. are made : a quantity of the 
powder of bark,* or any other substanoe, is pqt 
into spirits of wine, the very fine partieles are 
taken into the pores of die spirit : these chaoge 
the colour of the mass, theugh it remains as 
transparent as it was before. 

Charhs. But in these cases, is not the balk of 
the finid increased ? 

JFaiher. In some instances it is^ but in others 
the bulk will remain precisely the same, as the 
following very easy experiment will sIm^. 

Take a phial with some rain water, mark very 
accurately the height at which the water stands 
in the bottle, after which you may intxoduce a 
vol., n.-^B 
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amtll qaantity of aalt) which, when oompletdjr 
dissolved, you will find has not in the least inr 
creased the bulk of the water. When the salt is 
taken up, sugar may be dissolved in the water 
without making any addition to its bulk. 

Emma* Are we then to infer, that the parti- 
cles of salt are smaller than those of water, and 
lie between them as the small shot lie between 
the cannon balls; and that the particles of sugar 
are finer than those of salt, and, like the sand 
among the shot, will insinuate themselves into 
Vacuities too small for the admission of the 
salt? 

FeUher. I think the experiment fairly leads 
to that conclusion. Another fact respecting the 
particles of 0uids deserving your notice is, 
that they are exceedingly hard, and almost in- 
capable of compression ? 

Charles. What do you mean. Sir, by com- 
pression ? 

Father. I mean tiie act of squeezing any 
thing, in order to bring its parts nearer lo- 
gether. Almost all substances with which we 
are acquainted, may, by means of pressure, be 
reduced into a less space than they naturally 
occupy. But water, oil, spirits, quicksilver, &c. 
cannot by any pressure of which human art or 
power is capable, be reduced into a space senr 
eibly less than they naturally possess. 

Emma* Has the trial ever been made ? 

Feether. Yes, by some of the ablest philoso- 
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great preMMre be broughjt closer together, and 
would evident^ occupy a less space, winch is 
contrary to fact 

NoTSy-^Water, oi^ tpint^ &c. are atid to be incompres- 
sible« not because they are absolutely ao, but because their 
coinpreasibUity is so very sinaU as to n^ake no sensible diflfer- 
ence in calculations relati^ to the several properties of thosa 
fluids. 

Mr. Canton discovered the compressibility of water in the 
year 1761, and he ssys, that from repeated trials, he found 
that water will expand, and rise in a tube, by removing the 
weight of the atmosphere, about one part in 31,740, and vrill 
be as much compressed und^ tiie weight of an additional 
atmosphere. — PhiL Tram. Vol. Ifi, 

z A fluid that has no immediate tendency to expand when 
at liberty, is commonly considered as a liquid, as water, oil, 
lie, See Young's I^ctum, Vol I. 259. 



CONVERSATION II. 



. Ofthe Weight and Pressure of Fluids. 

Father. In our last conversation we con- 
sidered the nature of the component parts of 
fluids ; I must now tell you, that these parts or 
particles act, with respect to their weight or 
pressurei independently of each'Other. 
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Emma. Will you explain what you mean by 
this? 

Father. You recollect, tliat, by the attraction 
of cohesion,* the parts of all Solid substances 
are kept together, and press into one common 
BJass, If I cut a part of this wooden nilsr away, . 
the real will remain in precisely the same situa> 
tion as it was before. But if I take some water 
out of the' middle of a vessel, the remainder 
flows instantly into the place from whence that 
was taken, so as to bring the whole mass to a. 
level., 

Charlet. Have the particles of water no at- 
traction for each other? 

Falher. Yes, in a slight de^ce. The glo- 
bules of dewt on cabbage plants prove, that 
the particles of water have a greater attraction 
to one another, than they have to ^e leaf on 
which they stand. Nevertheless, this attraction 
is very small, and you can easily conceive, that 
if the particles are round they will touch each 
ether in very few parts, and slide with the small- 
est pressure. Imagine that s few of the little 
^obules were taken out of the vessel, (Pig. !■) 
and it is evident that the surrout(ding ones would 
iUl into th^r place. It is upon this principle 
th»t the surface of every fluid, when at rest, is-' 
horizontal or level. 
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Charles* Is it upon thU principle that water- 
levels are constructed ? 

Father* It is : the most simple kind of water- 
level is a long wooden trough^ which being 
filled to a certain height with water, its surface 
shows the level of the place on which it stands. j 

Charles. I did not allude to this kind of levels, ' 
but to those smaller ones contained in glass 
tubes. 

Father, These are, more properly speaking, 
air-levels. They are thus constructed (Plate 
J. Fig. 2.) : B is a glass tube fixed into l, a 
^socket made generally of brass. The glass is 
filled with water, or some other fluid, in which 
is enclosed a rinele bubble of air. When this 
bubble fixes itself at the mark tf, made exactly 
in the middle of the tube, the place on which 
the instrument stands is perfectly level. When 
it is not leveh, tlie bubble will rise tp the higher 
end. 

Emma. What is the use of these levels ? 
. Father. They are fixed Jo a variety of philo* 
sophical instruments, such as quadrants, and 
telescopes, for aurveying the heavens; and tbe^ 
odolUes for taking the l^vel of any part of the 
earth. They are also useful in the more eom^ 
mon occurrences of life. A single instance will 
show their value : clocks will not keep true time 
unless they stand very upright ; now by means 
of one of those levels you may easily ascertain 
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whether the bracket, upon which the clock in 
the passage stands, is level. 

£mma. But I remember when Mr. F— ^ — 
brought home your dock, he tried if the bracket 
was even by means of one of Charles's marbles. 
How did he know by this? 

Father. The marble, being round, touched 
ih9 board in a point only, consequently the line 
of direction^ could not fall through that point,^ 
but the marble would roll, unless ^he bracket 
waa very level : therefore, when the marble was 
placed in two or more 'different parts of the 
board, and did not move to one side or the 
4)ther, he might safely conclude that it was 
level. 

dories. Then the water-level and the rolling 
of the marble depend on the same principle? 

Father, They do, upon the supposition that 
the particles of water are round. The water- 
level will, however, be the most accurate, be- 
4sause we may imagine that .the parts of which 
water is* composed are perfectly round, and, 
therefore, as may be geometrically proved, they 
will touch only in* an infinitely small point; 
whereas, marbles made by human contrivance, 
touch in many such points. 

We now come to another very curious prin- 
ciple in this branch of science, viz. that fluids 
presB equaUj/ in alf direetions. All Bodies, both 

"*. iBec Tol^I. Of MBachamcs. CoiMrer. 
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fluid and solid, press downwards by the force 
of gravitation, but fluids of all kinds exert a 
pressure upwards and sideways equal to their 
pressure downwards. 

Emma. Can you show any experiments in 
proof of this? 

Father, a^ b, c, (Plate i. Fig. 3.) is a bend- 
ed glass tube: with a small glass funnel (Plate 
I. Fig. 4.) pour in the mduth a, a quantity q€ 
sand. You will find that, when the bottom part 
' is filled, whatever is pouted in afterwards will 
stand in the side of the tube a b, and not rise 
in the other side b c. 

Charles. The reason of this is, that by the 
attraction of gravitation all bodies have a ten- 
dency to the earth ;* that is,' in this case, to 
the lowest part of the tube; but if the sand 
ascended in the side b c, its motion, would be 
directly the reverse of this principle. 

Father. You mean to say that the pressure 
would foe upwards, or Jrom the centre of the 
earth. , • 

Charles. It certainly would; 
. Father. Well, we will pour away the sand 
and put water in its place: what do you say to 
this? 

Emma. The water is level in both sides of 
the tube. V 

Father^ ^ This then proveSi that with respect 

* See Vol. I. Of HecbaiUGS. COBver . V. 
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to fluids there is a pressure upwards at the 
point B ais well as downwards. I will show you 
another experiment * 

A B (Plate I. Fig. 5.) is a large tube or jar 
having a fht bottom : a o is a smaller tube opea 
at boui ends. While I iiil the jar with water^ 
I take eare to hold the small tube so close to the 
bottom of the jar as to prevent any water from 
getting into the tube. I then raise it a little^ 
and you see it is- instantly filled with water from 
the jar. 

Charles. It is: and the Water is level in the 
jar and the tube. 

Father. The tube, you saw, was filled by 
means of the pressure upwards, contrary to its 
natural giravity. 

Take out the tube; now tise water having 
escaped, it is filled with air. Stop the upper 
end a with a cork, and plunge it into the jar, 
the water will only vise as high as & 

Emma* What isvthe reason of this, Papa ? 

Father. The air with which the tube was 
filled is a body, and unlesis the water were first 
to force it out from the tube, it cannot take its 
place. While this*ink-stand remains here, you 
are not able to put any other thing in the same 
part of space. 

^ Charles. If air be a substance, and the tube 
is filled with it, how can any water make its 
way into the tube ? 

Father. This is a very proper question. Air, 
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though t enibstance^ and, as we have already 
observed, a. fluid too, differs from water in thi9 
respect, that it is easily compressible ; that is, 
the air, which, by the aatural pressure of the 
surrounding atmosphere, fills the tube, may, 
by the additional upward pressure of the water, 
be reduced into a smaller space, as a b. Another 
experiment will illustrate the difference betweea 
compressible and incompressible fluids. 

Fill the tube, which has still a cork in one 
end, with some coloured liquor, as spirits of 
wine : over the other end place a piece of paste-* 
board, held close to the tube, to prevent any of 
the liquor from escap^nj;: in this way introduce 
the tuoe into a vessel of water, keeping it per* 
pendicular all the time : you may now take 
away the pasteboard, and force the tube to any 
depth, but the spirit is not like the air, it can- 
not in this manner be reduced into a space 
snialler than it originally occupied. 

Emma. Why did not the spirits of wine run 
out of the tube into the water? 

Father. Because spirits are lighterthaniWater, 
and it is a general principle that the lighter flu- 
^ id always ascends to the top^ 

Take a thin piece of horn or pasteboard, and 
while you hold it by the edges, let your brother 
put a pound weight upon it: what is the result? 

JSmma* It is almost bent out of my hand. 

Father, Introduce it now into a vessel of 
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water, it the depth of twelve or fifleen inches, 
and bring it parallel to the surface. In this 
position, it sustains many pounds Weight of 
water. 

Charles. Nevertheless it is not bent in the 
kast. 

Fulher, Because the upward pressure against 
the lower surface of the horn is exactly equal 
to the pressure downward, or, which is the 
same thing, it is equal to the weight of the 
water which it sustains oh the tipper surface. ' 

You may vary these experiments by your- 
selves till we nieet again : when we shall re* 
sume the same subject 
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of the Weight aad Pressure of Fluids. 

Charles, When you were explaining the prin- 
ciple of the Wheel and Axis,* I asked the rea<^ 
son why, as the bucket ascended near the top 
of the well, the di£Sieulty in raising it increas*^ 

^ fiTee Vol. I. Of Mechanics. Gonrer. XVII. 
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ed ? I have jttst now found another part of the 
subject beyond my eompreheosion. After the 
bucket is filled with water, it sinks to the bot**^ 
torn of the well, or as far as the rope will sufier 
it ; but in drawing it up through the water^ it 
seems to have little or no weight till it has as* 
cended to the surface of the water. How is 
Ibis accounted Ibh 

Father. I do pot wonder that you have no* 
ticed this circumstance as singular. It was lo&g 
believed by the ancients that water did not grar 
vitate, or had no weight in water : or, as they 
used to express it more generally, that fluids 
do not gravitate in proprio loco, 

Emma. I do not understand the meaning of 
these hard words. 

Father. Nor would I have made use of them, 
only that you can scarcely open a treatise on 
this subject without finding the phrase. I will 
explain their meaning without translating the 
words, because a mere translation would give 
you a very inadequate idea of what the writers 
intended to express by thiem. 

No one ever doubted that water and other 
fluids had weight when considered by them- 
selves ; but it was supposed that they had no 
weight when immersed in a fluid of the sam^ 
kind. The fact which your brother has jast 
mentioned respecting the bucket, was the grand 
argument upon which they advanced and main- 
tained this doctrine. 



OF THS PRS8SI7J|£ OP VLUIPS. . 2$ 

t 

• 

Emma. Does it not weigh aoy thing, then^ 
till it is drawn above the surface ? 

Father. You must, my little girlj, have pa- 
tience, and you shall see how it is. Here is a 
glass bottle a (Plate i. Fig. 6.) with a stop- 
cock B cemented to it, by means of which, the 
air may be exhausted from the bottle, and pre- 
vented from returning into it again. The whole 
is made sufficiently heavy to sink: in the vessel 
* of water c d. • 

, The bottle must be \v^eighed in air,. that is, 
in the common method ; and suppose it wei^s 
12 ounces, let it now be put into the situation 
which is represented by the figure, when the 
weight of the bottle . must be again taken by 
putting weights into the scale z, I then open 
the stop-cock while it is under wat^r, and the 
Water immediately rushes ip and fills the bot- 
tle, which overpowers the weights in the scale. 
I now put other weights, say 8 ounces, into the 
scale, to restore "the equilibwum betvyeen the 
))Ottle and scale. It is eyident, then, that 8 
, ounces is the weight of the watfsr in ihe bot- 
tle, while weighed under v^ater. Fasten the 
cock, ^nd weigh the bottle in the usual way in 
jthe air. ' 

Charles. It weighs something m(^re than 20 
ounces. 

Father. That is 12 ounces for the bottle, and 
8 ounces for the water, besides a small allow- 
ance to be made for the drops of water that ad- 

VOL. II.— c 
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here to the outside of the bottle. Does not this 
experiment prove that the water in the bottle 
weighed just as much in the jar of water as it 
weighed in the air ? 

JSmma. I think it does. 

Father* Then we are justified in Concluding 
that the water in the bucket^ which the bottle 
may represent, weighed as much while under 
water in the well, as it did after it was rais- 
ed above the surface. 

Charles, This fact seems decisive, but the 
difficulty still remains in my mind, for the weight 
of the bucket is not felt till it is rising above 
the surface of the water. 

Father, It may be thus accounted for : any 
substance of the same specific gravity with wa<^ 
ter, may be plunged into it, and it will remain 
wherever it is placed, either near the bottom, 
in the middle, or towards the top, consequently 
it may be moved in any direction with the ap- 
plication of a ver^ small force. 

Emma. What do you mean by the specific 
gravity of a body ? 

Father. The specific gravity of any body is 
its weight compared with that of any other 
' body.* Hence it is also called the comparative 
gravity : thus, if a cubical inch of water be 
equal in weight to a cubical inch of any par- 
ticular kind of wood, the specific or compara* 

* See Conyenation X. &c. 
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live gravities of the water and that particular 
wood are equal. But since a cubical inch of 
deal is lighter than a cubical inch of water. 
And water is lijj^hter than the same bulb of 
lead or brass, we say the specific gravity of the 
lead, cfT brass, js ^eater than that of water, and 
the specific gravity of water is greater than that 
of deal. 

Charles,. The water in the bucket naust be of 
the same specific gravity with that in the well^ 
because it is a part of it. 

Father. And the wooden bucket differs very 
little in this respect from the water ; because, 
though the wood is lighter, yet the iron of 
which the hoops and handle are composed is 
6pecifically heavier than water ; so that the 
bucket and water are nearly of the same spe- 
cific gravity with the water in the well, and 
therefore it is moved very easily through it 

Again, we have already proved that the up- 
ward pressure of fluids is equal to the pressure 
downw^ards, therefore the pressure at the hot* 
torn of the bucket upwards being precisely equal 
to the same.foi«ce in a Contrary direction, the 
application of a very small force, in addition to 
the upward pressure, will cause the bucket to 
ascend. 

Emma, You account for the easy ascent of 
the bucket upon the same principle by w.hich 
you have shown that horn or pasteboard will not 
be bent, when plaeed horizontally at any depth 
of water. 
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Father. Yes, I do : and I will show you some 
other experiments to prove the effect of the ujp- 
ward pressure. 

Take a glass tube, open at both ends, the 
diameter of which is abput the eighth of an 
inch, fill it with water, and close the top with 
y^our thumb ; you may now take it out of thei 
water, but it will not empty itself so long arf 
the top is kept closed. 

Charles. This is not the upward pressure ot 
water, because the tube was taken out of it. 

Father. You are right : it is the upward pres- 
sure of the air, which, while the thumb is kept 
on the top, is not counterbalanced by any down* 
Ward pressure, therefore it keeps' the water 
suspended in the tube. 

Take this ale-glass^ fill it with water, and 
cover it with a piece of writing-paper : then 
place your hand evenly over the paper, so as to 
hoTd it very tight about the edge of the glass, 
which you may invert, and then take awa^ 
your hand, w^ithout any danger of the water 
falling out 

Emma. Is the water sustained by the tip ward 
pressure of the air ? 

Father. The upward pressure of the air 
against the paper sustains the weight of water, 
and prevents it from falling. 

You have seen the instrument used for tast- 
ing of beer or wine. 

Emma. Yes y it' is a tin tube that holds about 



half a pMi into which very small tubes are in- 
serted at the top and bottom. 

Father, The loBger one is put into thd hole 
made for the vent^p^^ and then the beer or 
wine isy by drawing out the air from it, forced 
into the large part of the tube^ and by putting 
the thumb or finger on |he upper part, the 
whole instrument may be taken out of the cask, 
and removed any where» for the pressure of the 
air against the bottom surbee of the lower tube 
keeps the liquor from running out ; but the mo- 
ment the thumb is taken ttom the top, the liquor 
deseends by the downward [pressure of the air. 

Charles* Is it for a similar reason that vent* 
holes are made in easks ? 

Father, It is: for when a cask is full, and 
perfectly close^ there is no downward pressure, 
and therefore the air pressing against the mouth 
of the cock keeps the liqi^or from running out : 
a bote made at the top of the cask, admits the 
external pressure of the air^ by which the liquor 
is forced out In large casks of aie or porter, 
where the demand is not very great, the vent- 
hole need seldom be used, for a c^tain portion 
of the air contained in the liquor escapes,>n4 
'being lighter ^n the beer, ascends to the top, 
by which a pressure is created without the as- 
sistanee of the external air. 
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CONVERSATION IV. 



OftTre lateral Pre98tti« of Fltnds. 

F<UhtT. It i« time dqw to advanee another 
step in this science^ and to show you that the 
Imteraly or side pressure^ is equal to the perpeo- 
dicfilar preserare. 

Emma. If the upward pressure ist equal to 
the downward, and the side pressure is also 
equal to it, then the jn'easure is equal in all 
directions. 

Father. You are right Though the side di- 
rection may be varied in many ways^ yet there 
are only the upward, downward^ and lateral 
directions.. The jtwo former we have shown 
are equal. That the side pressure is equal to 
the perpendicular pressure doWnwards, is de- 
monstrated by a very easy experiment 

A B (Plate I. Frg. 7.) is a vessel filled with 
water, having two equal orifices or holes^ a, 6, 
bored with the same tool„ one at the side^ and 
the otKer in the bottom : if these holes are 
opened at the same instant, and the water suf- 
fered to run into two glasses, it will be foiknd 
that, at the end of a given time, they will have 
discharged equal quantities of water ^ which is 
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a dear proof that the water^ presses side^wise 
as forcibly as it does downward. 

Charles. Arc we then to take it as a general 
principle that iluida press in every possible di- 
rection ? 

Father, This, I think, our experiments have 
proved : but you must not forget that it is only 
true upon the supposition that the perpendicttiar 
heights are equal. For in the last experiment, 
if the hole i, had been bored an inch or two 
higher in the side of the vessel, at at c, the 
quantity of water running out at a would have 
been greater than that at b ; and much greater 
would it have been, if the hole had been bored 
. at four or five inohes above the bottom of the 
vessel. 

This subject of pressure may be farther i)^ 
lustrated. At the bottom of thrs tub^ z y, 
(Plate I. Fig. 8.), open at both ends, I hav^ 
tied a piece of bladder, and have poured in 
w^ter till it stands at the \mark or. Owing to 
the pressure of the watery the bladder is con* 
vex, that is, bent outwards ; dip it into the jar 
(Fig. 5.), the bladder is still convex : thrust it 
gently down, the surface of the water in the 
tube is now even with that in the jar. 

Emma. It is ; and the bladder at the bottom 
is became flat. 

Father. The perpendieolar depths being 
equal, the pressure upward is equal to thai 
downwards, and tfie water in the tuW is ejEaetijr 






balanced by the water in the jtf. Let Ibe bibe 
be thrust deeper into the water. 

Charle^i Now the bladder ia bent upwards. 

Father. The upward pressure i$ estimated by 
the perpendicular depth of the water in the jar, 
pleasured from the surface to the bottom of the 
tube : but the pressure downward^ must be esti* 
mated by the perpendicular height of the water 
in the tube, which being less than the former, 
the pressure upward in the same proportion' 
overcomes that downwards, and forces up the 
bladder into the position as you see it This and 
the following experiment ^re some of the beat 
that can be exhibited in proof of the upward 
pressure of Aiids. 

Dipi an open end of a tube, having a very 
narrow bore, into a vessel of quicksilver ; then 
atopping the upper orifice with the ^nger, lift 
Vp the tube out of the vessel, and you will see 
a sort of column of quicksilver hanging at the 
}oWer jc^pdi which, when dipped in water lower 
than 14 times its own length, will, upon remov* 
ing the finger, be pressed upwards into the 
tube. . 

Emmu. Why do you fix upon 14 times the 
llepth? 

Father. Because quicksilver is 14 times hea- 
vier than water. Upon this principle of the 
upward pressure, lead pr any other metal may- 
be nifade to swim in water, a b (Plate i. Fig. 
4.) i$ a vessel of water» and a 6 ia a glass tube 
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open throughout, rf is a string by which a' flat 
piece of lead x tnay be held fast to the bottom 
of the tube. To prevent the water from getting 
in between the lead and the glass/ a piece of wet 
leather is first put over the lead. 

In this situation, let the tube be immersed in 
the vessel of water, and if it be plunged to the 
depth of about eleven times the thickness of the 
lead before the string be let go, the lead will 
not fall from the tube, but be kept adhering to 
it by the upward pressure below it 

Emma. Is lead 11 times heavier than watef ? 

Father, It is between 11 and 12 times hea- 
vier ; and therefore to make the experiment sore, 
the tube should be plunged somewhat deeper 
than 11 times the thickness of the lead. 

Charles. Is it not owing to the wet leather 
that the lead sticks to the tube, rather than to 
the upward pressure ? 

Father. If that be the case, it will remain 
fixed if I draw up the' tube an inch or two 
higher : — I will try it. 

Em,ma. It has fallen off. : 
* Father. Because when the tube was raised, 
the upward pressure was diminished so much 
as to become too small to baliance the weight of 
the lead. But if the adhering together of thd 
lelid and tube had been caused by the leather, 
there woutd be no reason why it should not 
operate the same at six or nine times the depth 
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of the lead's thickneM^ as well as at 11 or 12 
times that thickness. 

This last experiment is neatly described by 
Mr. Capel Lofil in the following lines: 



>And since on everv ride 



The fluid pretset with an equal force 
Pioportioi^'d to the column of its height, 
The yiek^ng vater may be ipade %o buoy 
Or kadfm^H if, aitfully, so much 
Be made to float above the weight immefsM 
As, in proportion to the mass entire^ 
Equals the difference of gravity 
Between the/utitf and the, mm maas. 

EvsoaU' 



CONVERSATION V, 



Of lAie Hydrostatical Paradox. 

Emma. You are to e^^plaln a paradox to-day: 
1 thou^^ht natural philosophy had exclude^ all 
l^arado^es. 

Father. Dr, Johnson has given this definition 
of a paradox, << an assertion cpntrary to appear- 
ances :" now the assertion which I ani to refer 
you to i"; that any fuantitjf ^ toater^ haw* 
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ever small^ may be made to balance and ntp* 
pari any quantity f however large. That a pound 
of water, for instance, should, without any me- 
chanical advantage, be made to support tea 
pounds, or a hundred, or even a t9n weighty 
aeems at first incredible ; certainly it is contrar;jpr 
to what one stiould expect, and on that account 
the experiment to show this fact has usually beea 
called the hydrostaticai paradox. 

Charles. It does appear unaccotintsfble r t 
hope the experiments maybe Tery e#iy to be 
understood. 

Father. Many have been invented for the 
purpose, but I know of none better than those 
described by Mr. Ferguson, in bis lectures oa 
select subjects. 

Q B o H (Plate n. Fig. 10.) is a glass vessel^ 
consisting of two tubes of very di&rent sizes^ 
joined together, and freely comniunicaCing with 
one another. Lei. water be poured 1*0 at h, which 
will pass through the joining of the tubes, and 
rise in the wide one to the same height exactly 
as it stands in the smaller; which shows that 
the small column of water in d o balances the 
large one in the other tube. This will be the 
case if the quantity of water in the small tube 
be a thousand or a million of times less than 
the quantity in the larger one. 

If the smaller tube be bent in any oblique 
situation, at o f, the water will stand at tf thai 
is on the same level, as it stands at a. This 



•36 HYDROSTATICS. 

would be the case, if instead of two tubes there 
yrere any given number of them connected to- 
gether at B) and varied in all kinds of oblique 
directions ; the water would be on a level in 
them all : that is, the perpenfticuiar height of 
t'be water would be the same. 

Charles. This does not quite satisfy me ; be- 
cause it appears that a great part of the water 
in' the large tube is supported by the parts b 
^bout the bottom, and therefore that the vvater 
in the smaller tube only sustains the pressure of 
a column of water, the diameter of which' is 
equal to its own diameter. 

Father. This wduld be the case if the pres- 
sure of fluids were only downwards, but we 
have shown that it acts in air directions : and 
therefore the pressure of the parts near the side 
of the tube acts against the column in the mid- 
dle, which you suppose is the only part of the 
water sustained by that which is contained in 
the small tube, consequently the smaller quan- 
tity of water in d b sustains the larger one ia 

A B. 

Let us try another experiment. 

ABC and ABC, (Plate ii. Figs. 11 and' 12.) 
are two vessels, having their bottoms r> d and 
D d exactly equal, but the contents of one ves- 
sel IS twenty times greater than the other; that 
is. Fig. 11, when filled up to a, will hold but 
one pint of water, whereas Fig. 12, when filled 
to the same height, will hold twenty pints. 
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Brass bottomsy c, c;, are fitted exactly to each 
vessel, and made water-tight by pieces of wef 
leather. Each bottom is joined to its vessel by 
a hinge d, so that it opens downwards, like the 
lid of a bot. By means of a little hook dj a 
pulley r, and a weight e, the bottom is kept 
close to the vessel, and will hold a certain 
quantity of water, 

Emma. That is, till the weight of the water 
overcome the weight £« 

Father. I should rather say, till the jt^re^^ure 
of the water overcome the weights. 

Now hold the vessel (Fig 12.) upri^t in 
your handS) while I gradually pour Water into 
it with a funnel ; the pressure bears down the 
bottom, and, of course, raises the weight, and 
a small quantity of the water escapes. Let us 
mark the height, h a, at which the surface of 
the water stood in the vessel wheo the bottom 
began to give way. 

Try the other vessel (F*ig. II.) in the Same 
manner, and we shall see that when the«water 
rises to a, that is, to just the sanne height in 
this vessel as in the former, the bottom will also 
give way, as it did in the other case. Thud 
equal weights are overcome in the one case by 
twenty pints of water, and in the other by a 
single pint The same would hold good if th^ 
difference were greater or less in any given 
proportion. 

Emma. What is the reason of this^ Papa ? 

VOL. IT.— © 3 
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mznneTf in different parts of ^ \/^ the ssone ef- 
fect would be produced. 

Father. Then you must admit, that the action 
against b J^ or, which is the same thing, the 
re-action against c, that is, the pressure of the 
vater against the bottom, is equally great as it 
would be if the vessel were as large in every 
part as it is at the bottom, zAd the water stood 
level to the height a a. 

Charles, Yesy 1 do: because if tubes werd 
placed in ev^ry part of b J\ the same effect 
would be produced in them all, as in the single 
ene atyV but if the whole surface were covered 
with small tubes, there would then be little or 
no difference between the two vessels, (Figs. 11 
«2id 12.) 

Father. There would be no difference, pro- 
Tided you kept filling the large tube, so that the 
water should stand in them all at the s^ine level 
A a. Otherwise, the introduction of a single 
tube a/* would make a material difference: fbr 
though the water in a q would overcome the 
weight E, yet if with my hand I prevent any of 
the water from running out till I have taken 
out the cork, and suffered the water to force it- 
self out of the vessel into the small tube, I may 
remove my hand with safety ; for the water will 
not overcome the weight now, though there is 
certainly the same quantity of water in it as 
there was before the little tube a^* was inserted. 

Emma. I think I see the reason of this : the • 
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water ftood a»4iigh as a a before the little tube 
was introduced, but novr it stands at the level 
X q^i and you told us yesterday that the pres- 
fiuresi were only equal, provided iheperpendicu^ 
lar heights were also equal. 
' Father, I am glad to find you so attentive to 
what I say. In order that the pressure may- 
Overcome the weight s, you must put in more 
water till it rise to the level a a, and now yoQ 
see the weight rises, and the water flows out 

I will put another tube at g^ and the water 
raphes into that, causes the level to descend 
again to a? or, and I must put more water in to 
iM'ihg the level up to a a, before it can overcome 
the weieht e. What I have shown in these two 
cases will hold true in all, supposing you fill 
the cover with tubes. 

Charles* I see, then, that it is the difference 
of* the ii^ipe&dieular heights which causes the 
difference of pressure, end can now fully com- 
prehend the reaso/i why a pint of water may be 
made to balance or support a hogshead : or, in 
the words with which you set out, that any 
fuantity of watery however smalls maybe made 
to balance and support any other quantity ^ 
however large. 

Father. It is to this principle in hydrostatics 
that Mr, Capel Ifofft refers, in his work enti- 
tled *^ Eudosia, or a Poem on the Universe :" 

All homogeneous fluids, \(rhich ascend. 
To oquaThei^htSf and join in equal base, 
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Baknce each otfier: hovtoe'er in form 
Of the contaiiung vefisel disa^^ed. 
Or in the fluid quantity contained. 

JBmma. What does he mean by the word Ao- 
mogeneous? 

leather* Homogeneous fluidis are fluids of the 
same kind. What has been proved with regard 
to' water, may be shown to hold with regard to 
wine, or oil, or any other fluid. But the ex- 
periment wi)l not answjer, if difierent fluids are 
made use of, as water and oil together. 
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Of the Ifydrostatic Bellowi 

Father. I think we have made it siifiiciently 
dear that the pressure of fluids qf the^amekind 
is always proportional to the area of the basA 
multiplied into the perpendicular height at which 
the fluid stands, without any regard to the form 
of the vessel, or the quantity of fluid contained 
in it 

Emma, I cannot help saying, that it still ap- 
pears very mysterious to me> that a pint of 



neignt. 

Charles. Suppose both ves<els were filled with 
any solid substance, would the effect produced 
}>e very different? 

Father. If the water were changed into ice, 
for instance, the presHire upon the bottom of 
the smaller vessel would be much less than that 
Upon the larger. 

Here is another tnstrumeat (Fig. 13.) to 
ibow you that a rery few ounces of water wiU 
)ift up and sustain a large weight i 

Emma. What ia the instrument called? 

Father. It is made like common bdlowa, on- 
ly without v«lre% and wiiten hare girec it tiie 
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name of the hydrostatic ^bellows. This small 
tin-pipe top comoiunieales with the inside of 
the bellows. At present the upper and lower 
board are kept ^lose to one another with the 
weight w. The insides of the boards are not 
very smooUi, so that water may inisinuate itself 
between them : pour this half pint of water into 
the tube. 

Charles. It has separated the boards, and 
'lifted up the weight 

Father. Thus you see that seven or eight 
ounces of water has raised and continues to sus- 
tain a weight or$6 lb. By diminishing the bore 
of the pipe, and increasing its length, the same or 
even a smaller quantity of water would raise a 
much larger weight 

Chark». Ho wdo you find the weight that can 
be raised by this small quantity of water ? 

Father. Fill the bellows with water, the 
boards ctf whidi, when distended, are tbnee 
inches asunder* I will screw in the pipe* As 
there is no preaiare upon the bellows, the water 
stands in the pipe at the same level with that in 
the bellows at x. ^ . 

Now place weights <m the uppar board till 
the water ascend exM^y to die top of the pipe 
e; these wei^ts express tbe weight of a pillar 
or coliimn of water, th^ base oi^ which is equal 
lo the area of the lower board of the bellows, 
and the height equal to the distance of that 
boatd firom t^ tqp of the pipe* 
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Emma, Will you make the experiment? 

Father. Your brother shall first make the cal- 
culation. 

CJCarles. But I must look to you for assist* 
ance. ^ 

Father. You will require very little of my 
help. Measure the diameter of the bellows^ 
and the perpendicular height of the pipe from 
the bottom board. 

Charles. The bellows are circular, an/1 \2 
inches in diameter; the height of the pipe is 36 
inches. 

Father. Well; you have to find the solid 
contents of a cylinder of these dimensions ; 
that is, the area of the base multiplied by the 
height 

Charles. To find the area I mult^ily the 
square of 13 inches, that i^ 144, by the deci- 
mals .7854, and the product is 113, the number 
of square inches in the area of the bottom board 
of the bellows. And 113 multiplied by 36 inches, 
the length of Uie pipe, gives 4068, the number 
of cubic inches in such a cylinder; this divided 
by 1728 (the number of cubic inches in a cubic 
foot,) leaves a quotient of 2.3 cubic feet^ the 
solid contents of the cylinder. Still I have not 
the weight of the water. 

Father. The weight of pure water is equal in 
idl parts of the known world, and a cubical foot 
of it weighs 1000 ounces. 

Charks. Then such a cylinder of water as 
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vre hive .been cbnTeraiag about weighs 2300 
ouDcesy or 144 poiinilfl nearly. 

Emma. Let as now see if the experiment an^ 
siVers to Charies^B calculation. 

Father. Put the weights on carefully^ or yon 
will dash the water out at the top of the pipe, 
and I dare say that you will find the fact agrees 
with the theory. ■ . ' ^ 

Charles. |f instead of Uiis pipe, one douUe 
the length was used^ would the water sustain a 
double weight? 

' Fisher. It would : and a pipie three or four 
times the length would sustain three or four 
tteies greater weights.* 

Charles. Are &efe than np limits to tfiis kind 
of experiment^ exeept those which arise from 
the. difficulty of acquiring lengtfi in the pipe? 

Father. The banting of Uie bellows would 
Boon dotermine the limited the experiment. Dr. 
^Sroldsmith says that he once saw a strong hogv- 
•head split by this -means. A strong small tube 
made of tin, about dOfeet long, was cemented 
into, the buQg4ioIe, and then watei* was poured 
in to fill the cask : when it was full, and the 
water had risen to within about a foot of the 
top of the tube, the vessel burst with prodigious 
force. 

Emma. It is very difficult to conceive how 
this pressure acts with such power. 

Father. The water at o is pressed with a 
force proportional to the perpendicular altitude 
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eo; this presseure is communicated horizontally 
in the direction op q^ and the pressure so com- 
municated acts, as you know, equally in all di- 
rections : the pressure^, therefore, downwards 
upon the bottom of the bellows, is just the same 
as it would be if jt? q n r were a cylinder of 
waten. 

The experiment made on the bellows might, 
for want of such an instrument, be made by 
means of a bladder, in a box with a mo'veable 
liA 

Emma. Has this property of hydrostatics 
been applied to any practical purposes? 

Father* The knowledge of it is of yast inti- 
portance in the concerns of life. On this prin- 
eiple a pres0 of immense power has been form<- 
ed, (Plate n. Fig. 14.) which we shall describe 
^Ri&R you are acquainted with the najtore and 
structure of valves, and which is used in many 
sea^port towns for pressing into small compass 
hay and other commodities which it is necessa- 
ry to transport on board of ship^ but which in 
their natural state would take up tod much 
space. 
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CONVERSATION VII. 



of the Pressure of Fluidls sgunst the Sides of Vessels. 

Father* Da you recollect, Charles, the law 
by which you calculated the accelerated velodty 
of falling bodies ?* 

Charles. Yes: the velocity increases in the 
same proportion as the odd numbers 1, 3, 5, 7, 
9, &a» ; that is, if at the end of one second of 
time it has carried the body through 16 feet ; 
then in the next second the body will descend 
three times 16, or 48 feet': in the third it will 
descend five times 16 feet, and iii the next, seven 
times 16 feet, and so orl continually increasing 
in the same proportion. 

Father. How many feet has it fallen alto- 
gether at the end of the third second ? 

Emma* I reeoUectthis very well ; the whole 
space through which h will fall in three seconds 
is nine times 16, or 144 feet; because the rule 
is, that the whole spaces described by falling 
bodies are in proportion to the squared of the^ 
times, and the square of three is nine, therefore 
if it fall through 16 feet in the first se<iond, it 
will in three seconds fall thlroug^ nine times 16, 

* See V6LX Of M^danriiss. Confer; VH. inid VTfl* 



48 Hr^ROSTA^ieS. 

and in five or eight secoods it will descend, in 
the former case through 25 tipies 16 feet, and 
in the latter through 64 times 16 feet, for 25 i^ 
the square of five, and 64 is the square of eight. 
The example of the airow which you gave me 
tx> work has fixed the rule in my mind. 

Father. Well, then, what I am going to tell 
you, will tend to impress the rule still stronger 
in your memory. 

The pressure of fluids against the sides of any 
vessel, increases in the saine proportion, and is 
governed by the jsame laws. 

Suppose abed (Plate zi. Fig. 1^.) to be a 
cubical vessel filled with water, or any other 
fluid, and one of the sides to b^ iwicurately di- 
vided into any number of isqual parts by the 
lines 1, 7; 2, 8 j 3,5, &c. 

*Now if the pressure of the water upon the 
part of the vessel a I b Ihe equal to an ounee 
or a pound, then the pressure upon the part 1 
2 7 8 will be equal to three ounee% or three 
pounds ; and the pressure upon the pert 2 3 8 
9 will be equal to five ounces or pounds^ and 
so on. 

Charles. Then I see the reaioft why the other 
part of the rule. holds true ; vi2« that thepres-* 
sure against the. whole aide must vary as the 
square of the depth of the veasel. 

Fathe^^ Explain to us the reason* 

Charles. The pressure upon \h& first part be- 
ing 1, aniltiiftt upcm the second 3^ and that upon 
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the third 5 ; then the pressure upon the first and 
second taken together is by addition 4 : upon 
the first, second^ and third, it must be 9 ; and 
upon the first, second, third, and fourth, it will 
be 16 ; but 4, 9, 16, are the squares of 2, 3, 4. 

JSmtna, And the pressure upon the whole side 
a b c d muBihe 36 times greater than that upon 
the »naU part alb 7., 

Charles. And if there are thr^e vessels, for 
iostanae, whose depths are as 1, 2, emd 3, the 
pressure against the aide of the second will be 
four times greater than th^t against the first ; 
and the pressure against the iside of the third 
will be nine times greater than that against the 
filrat 

< Father. You are right: the beautiful simpli-^ 
city of the rule, and its beiog the same by 
which the accelerating velocity Of falling bodies 
19 governed, will make it impossible that you 
should hereafter forget it 

The i»e tbat I diail hereafter call you to 
make of the rule, induceil me to put a question 
toCiDma. 

. lo two canals, one five feet deep, and the 
oilier 15, what differeftce jof pressure will there 
be against the sides of these canals ? 

Mmma. The pressure against the one will be 
as the square of 5, or t5 ; that againat the other 
will be as the square of 15, or 22$ ; now the 
latter number divided by the former gives 9 as 
a quotient, which shows that tke pressttre agatnift 
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the sides of the deep canal is 9 times greater 
than that against the sides of the shallow oae. 

Can this principle be proved by an experi- 
ment ? 

Father. By a very simple one : Plate it. 
Fig. 16'. is a vessel of the same size as the last, 
the bottom and the side b are wood mortised 
together ; the front and opposite side are glass 
carefully inserted in the wooden parts,^ and 
made water-tight. A thin board c hangs by two 
hinges x y, and is held close to the glass panes 
by means of the pulley and weight w. The 
board is covered with doth and made water^ 
tight 

Now observe the exact weight which is over-^ 
come when the water is poured in and rises to 
the line 1 ; then hang on four times that weiebt, 
and you will see that water may foe poured into 
the vessel till it rise to. the line 2y when Uie side 
c will give way and let part of it out 

Emma. But why does only a part run away ? 

Father, Because when a small quantity of 
the water has escaped, the weight w is greater 
than the pressure of the water against c, there- 
fore the door c will be drawn close to the glasa 
panes, and confine the rest within the vessels. 

You may now hang on a weight nine times 
greater thaii the first, and then the vessel will 
contain water till it rise up to the mark 3^ when 
the side will give way by the pressure, and part 
of the water escape. 
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Charles, Y<hi have* exjplained the manner of 
esUniating the pressure of .fluids against the 
•idesof a vessel; by what rule are we to find 
tbe pressure upon th^ bottom ? 
' FaiAer, In siK^h' vessels as those which we 
have just described :r that in* 'where the side^ 
jare perpen4ieul8r to the bottom^ and the bottom 
parallel to the horizon, the pressure will he 
equal to the weight of the fluids* 

Emma, If then the vessel y a^ hold a gallon 
of water, which weighs about eight pounds, an^ 
if the bottom were made moveable like the side^ 
would a wei^t of eight pounds ke^p the v^atcir 
in the vessel ? 

Father. It would : for then there would be an 
equilibriiim between the pressure of the water 
and the weight And the pressure upon any 
one side is equal to half the pressure upon the 
"bottom : that is, provided the bottom and sides 
are equal to one another. 

Charles. Pray, Sir, explain how this is made 
oat 

Father;- The pressure upon the bottom is, a3 
we have shown, equal to the weight of the fluid. 
But we have also shown that the pressure on 
the side grows less and less continually, till at 
the surface it is nothing. Since then Uie pres<* 
sure upon the bottom . is truly represented by 
the area of the base multiplied into the altitude 
of the vessel ; the pr^isure upon the side will be 
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represeoted by the base multiplied into half the 
altitude. 

Emma. Is the pressure upon the four sides 
equal to twice the pressure upon the bottom ? 

Father. It is : consequebtlj the pressure of 
any fluid upon the bottom and four sides of a 
cubical vessel is equal to three times the weight 
of the fluid. 

Can you, Charles, tell me the difkreiice be« 
tweenthe weight and ih^ pressure of a conical 
vessel of water standing on its base ? 

Charles. The weight of a conical vessel of 
any fluid is found by multiplying the area of 
the base by one third part of its perpendicular 
height ;* but X\ie pressure is found by multiply- 
ing the base by the whole perpendicular height ; 
therefore the pressure upon the base will be 
equal to three times the weight 

NoTB.-^The rale for finding^ the solidity ofaeeiie or a 
pymmid is tbii, ** HulUply the area of the base by one tbM 
of the height, and the product will be the solidity." 

. * See Bonnycastle's Introduction to Mensuration, &c. p. 
132. Second Edition. 
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CONVERSATION VHl. 



Df the Ma6mi of Fluids. 

Father. We will now consider the priMsare 
of fluids with regard to the motion of them 
through 8pouting*pipe», whieh is subject to the 
same law. - 

If the pipes atl alnd 4 (Fig. 15.) be equdl in 
size and length, the discharge 4)f water by the 
pipe at 4 will be double that at 1. Because the 
.Telocity with which water spouts out at a hole 
in the side or bottom of a vessel, is as the 
^^quart'TOot of the distance of the hole below 
the surface of the water. 

Emma* What do you mean by the square* 
root? 

Father. The square-root of any number is 
#iat whieh being multiplied into itself produces 
the said number. Thus the square«root of 1 is 
1; blitof4iti82; of9it]ft3; and of 16 it is 
Ay and so on. 

Ohorlea. Then if you had a tall vessel of 

water with a cock inserted within a foot of the 

,top, and you wlirtied to draw the liquor off three 

•times faster t^an it could be done with that, 

what would you do ? 

Father. I mif^ take anotfa^ code of tfae 

.x2 
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^ same size, and insert it into the barrel at nine 
feet distance from the surface, and the thing 
required would be done. 

Emma, Is this th^ reason why the water 
riins so slowly out of the cistern when it is near- 
ly empty^ in comparison of what it does when 
the cistern is just full ? 

Father. It is : because the more water there 
is in the cistern, the greater the pressure upon, 
th^ part where the cock is inserted; and the 
greater the pressure, the greater the velooKy, 
and consequently the quantity x>f water that is 
drawn off in .the same time. 
• In some large barrels there are two hoiea for 
cocks, the one about the middle of the cads, 
and the other at the bottom ; now if when the 
vessel is full you draw the beer or wine fitHn 
both cocks at once, you. will find that the lower 
one gives out the liquor much faster. 

Charles, In what proportion ? 

Father, As the square-root of 2 its greater 
than that of 1 ^ that is, while you have a quwt 
from the upper cock, three pints nearly would 
run from the lower one. 

Emma, Are we then to understand that the 
pressure against the mde of a vessel inereases 
in proportion to the square of the depth ; h^ 
the vdocUy ^ a ^spouHng pipe^ whieh depends 
npon the preasure^ increases ooiy as the square- 
root of the depth? 

Father, ..That is the {n^per dtstincttcm* 
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Charles. Is not the velocity of water, mniuiKg 
oat of a vfesttji that empties itsdfi c<mtinaaUy 
decreasing? 

Father. Certainly : because in proportion to 
the quantity drawn^ff, the surface descends, 
and consequently the perpendicular depth be- 
<come5 ie«s and less. 

The ipaces described by the deseeading sur- 
face, in equal portions of time, are as the odd 
iiumberi 1, 3, 5, 7, 9, &c. taken backwards 

Emma. If the height of a vessel filied with 
lany ftuid be divided into 25 parts, and in a 
^iven space of time, as a minute, the sur&cc 
del(cend through nine of those parts, will it in 
ihe next minute descend through «eveai of those 
parts, in the third minute five^ in the fourth 
4i»ree, 4BUid in the ^th one ? 

Faihrn". This is the law, and from it have 
been invented clepsydrae or water-clocks, 

Charles. How are they constructed, Sir? 

Father. Take a cylindricaf vessel, and hav- 
ing dseertained the timeit will require to empty 
itself, then divide, by Maes, the surface into por- 
tions which are to one another as the odd num- 
4)^3 1, 3, 5, 7, &c. 

Emma. Sii|:^8e the vessel require svsl iioors 
to empty itself, how most it he divided ? 

Faiher. It must first be divided into ^ ^qual 
parts; then, beginning from the surface, Uke 
11 of tiiose parts for the first ho«r, nine for the 
second, seven for^e dd^ five for the 4th, three 



S6 M7Pm<a^xri€B. 

for the 5t}i» and one for the 6th : and you wilt 
find that the surfaee of the water will descend 
regularly through each of these divisions in an 
hour. 

I believe both of you have seen the locks that 
are eonstrocted on the river Lea. 

Charles. Yes : and I have wondered why the 
flood gates were made of such an enormous 
thickness. 

Father. But after what you have heard re- 
specting the pressure of fluids, you will we the 
necessity that there is for the great strength 
employed* 

Vharies. I do : for sometimes the height of 
the water is 90 or 30 times greater on one side 
of the gates than it is on the other, therefore 
the pressure will be 400 or even 900 times 
greater against one side than it is against the 
other. 

Emma. How are the gates opened ilirhen such 
a weight presses against them ? 

Father. There is scarcely any power by which 
they could be moved when this weight of water 
is againiKt them ; therefore there are sluices by 
the side, which being drawn up, the water gets 
away and passes into the basin till it becomes 
level on both sides ; tiien the gates are opened 
with the greatest ease, because the pressure be- 
ing equkl on both sides, a small force applied 
will be sufficient to overcome the friction of the 
hinges or oUier trifling obstacles. 
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Charles. Is it this great pressare that some'- 
times beats down the banks of rivers ? 

Father. It is: for if the banks of a river or 
canal do not increase in strength in the propor- 
Iton of the square of the depth, they cannot 
starfB. Sometimes the water in a ri^er will in- 
sinuate itself through the bank near the bottom^ 
and if the Weight of the -bank h6 not equal to 
that of the water, it will assuredly be torn up, 
perhaps with great violence. 

I will make the matter clear by a drawing. 
Suppose this' figure (Plate 11/ Fig. 17.) be a 
section of* a river, and o a crevice or drain 
made by time under the bank g; by what we 
have shown before, the upward pressure of the 
water in that drain is equal to the downward 
pressure of the ,w«ter in the river ; therefore if 
that part of the bank be not as heavy as a co- 
Inmn fyf water the same height and T^idtb, it 
must be torn up by the forae of the pressure. 

Chafle*. Is there no method of se<Hirifig leaks 
Aat hajpp^n in the embankments of rivers? 

Father. The only method is that lealtod ptMJ- 
dling. If ntte the bank of a canal in which -a 
leak is discovered, the water mimX be first drawn 
off below the leak, and a trench 18 or )90 inches 
wide dug length-wise along the side of the ca- 
nal, and deeper than the bottom of the canal.: 
this is filled, by a little at a time, with clay or 
loam reduced into a half fluid state by mixing 
it with water: w)ien the first layer, which is 
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seldom, abc^ve iix or eight inches deep, is near- 
ly dry, another is worked in the same manner 
till the whole be filled. By this means, if the 
operation be performed by skilful bands^ and 
time be allowed for all the parts to dry and i6&r 
here, tiie bank becomes strong and impedfetra- 
We. 
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Of tiie llotkm of niS£i$, 

Father. I will now show you an eiqptriment 
by which you will obsenre the uniformity of niM- 
ture's operations in regard to spouting fluids^ 

Charles, Do you refer to any other faets be- 
sides those which relate to the quantity of wa- 
ter issuing from the pipes ? 

Father. Yes, I do. Let a b (Plate n. Fig. 
18.) represent a tall vessel of water, which must 
be always kept full while the experiments are 
making. From the centre of this vessel I have 
drawn a semicircle, the diameter of which is 
the height of the vessel a b. I have drawn 
three lines; d2 from the centre of the vessel^ 
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o I, a 5, at equal distances from the centre, the 
one above and the other below it : alt three are 
drawn perpendicular to the vessel. By taking 
out the plug from the centre you will see the 
wat«r spouts to H. Take your compasses and 
you will find that the distance it H is exactly 
double the length oi d2. I will now stop Uii» 
pliu and open the next below, 

Charles. The wat«r reaches to k, which is 
double the length of a 5. 

J^aiher. Try in the same manner the pip^ e. 

Charles, It falls at the same spot x as it did 
from the lower one. 

Father. Because the lines c 1 and a 5 being 
equally distant from the centre of the semicir- 
cle, they are equal to one another. 

Emma. Then m k is the double of c 1 , as well 
as of a 5. 

Father. It la. The general rule deduced from 
these experiments is, that the horizontal dis- 
tance to which a duid will apout from a hori- 
zontal pipe, in any part of the side of an up-' 
right resset below the surface of the fluid, is 
equal to twice the length of a perpendicular to . 
me ude of the vessel, drawn from the mouth of 
the pipe to a semicircle described upon the alti- 
tude of the vessel. 

Can you, Charles, tell me in what part the 
pipe should be placed, in order that the fluid 
should spout the farthest possible ? 

Charles. In' the centre ■' for the line d 2 seems 
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to be the greatest of all the lines that can be 
drawn from the vessel to the curved line. 

Father. Yes, it is demonstrable by geometry 
that this is the case ; and that lines at equal dis* 
tancea from the centre above and below are alio 
equal to each other. 

Emma. Then in all cases, if pipes are placedt 
equally distant from the centre, they will spout 
to the same point 

Father. They will. Instead of horizontal 
pipes, I will fix three others near n, which shall 
point obliquely upwards at different angles ; one 
at 22° 30', the second at 45^, and the third at 
67*^ 30', and you will see that when I open the 
cocks, the water will cut the curve line nearly^ 
but not accurately, in those parts to which, the 
horizontal tines were drawn. 

Charles. That which spouts from the centre^, 
is thrown to the point m, as it was from the 
centre horizontal pipe. The two others fall on 
the point k, on which the upper and lower ho* 
rizontal pipes ejected the stream. 

Emma. I thought the water fjrom the upper 
cock did not reach so high as the mark. 

Father. It did not. The reason is, that it 
had to pass through a larger body of air, and 
the resistance from that retarded the water, and 
prevented it from ascending to the point to 
which it would have ascended if the air bad 
been taken away. 

While we are on this subject, I will just 
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men lion, ihat as you see the water spouts the 
farthest when the pipe is elevated to an angle 
of 4SPj so ia gun, cannon, &e. will project a 
bullet the farthest if it be elevated to an angle 
of 45° 

Chitrles. Will a cannon or mortar cany a 
ball equally distant if it be elevated at angles 
equally tlistant from 45°^ the one above and the 
other below? 

Father. It will in theory : but owing to the 
great resistance which very swift motions meet 
with from tiie air, there must be allowances 
made for some consideraUe variation between 
theory and practice. 

A regard to this will explain the reason why 
water .will notTise so high in a iet as it does in 
a tube. ' 

Emma. I do not know what this means.^ 

Father. You have seen a fountain. 

Emma. Yes, I have often been amused with 
that in the Temple. 

Father. All fountains are called jets, or Jets 
d^eau. Now if the water of that in the Templ& 
ascended in a pipe, it would rise higher than it 
dots in the op^n air. Turn to Fig. 10, the wa- 
ter in the small tube rises to a level with that 
in the larger one ; now if the tube h q were 
broken off at /, the water woirid spout up like a 
fountain, but not so hirii^ as it stands in the 
tube, perhaps no hi^^^ tmin to d. 
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Charlesi Is that owing wholly t» flie Fesiat- 
aace of the air ? 

Father. It is to be ascribed to tbe resiBtance 
which the water meets with from the air, and 
to the force of gravity, which has a teadeney 
to retdrd the motion pf the stream.' 

Emma. Why does the fountain in the Temple 
sometimes play higher and sometimes- lower ? 

Father. Near the Temple-hall therar is a r^ 
servoir of/ water, from which a pipe communi- 
cates with the jet in the fountain: and aceord<»' 
ingas the water in the reservoir is higher or 
lower, the height to which the fountain^ plays 19 
regulated. 

Charles. By turning a cock near tbe pump, 
the fountain i» instantly lowered. ' 

Father. That cock is likewise connected with 
the reservoir, and therefore' taking water from 
it must have the eSect of lowering the stream 
at the fountain, as well as that in the reservoir. 

Bmma. It soon recovers its force again. 

Father. Because there is a constant supply of 
water to the reservoir, which, however, does 
not come in so quick as the cock lets it out, or 
the fountain would always play to the same- 
he^ht 

From what you have already learnt oH this 
subject, you will be able to know how London 
and other places are mipplied with water. 

Charles. London is, I belieye, supplied from 
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the New River, but I do not know in wiiat 
manoor. 

Fatbst. 1?he New River ia a stream of wat^ 
that comes from Ware, io Hertfordahire;' it 
euna into a r eaervoir situated on the high ground 
near lalinston. From this reseryoir pipes are 
laid into wose parts of the town that luive itheir 
water from thb New River, and through these 
pipes the water flows into cijiterns belonging to 
different houses. 

Emma, Then the reservoir at Islington miist 
be higher than the eiatems in London. 

Father. Certainly, because water will not 
rise above its level. On this account some of 
the higher parts of die town have hitherto..bee& 
«uppli^ froin the ponds at Hampstead; and 
^others are supplied from the Thames, by means 
'jot the watw-works at London-bridge. 

Charles, Are pipes laid all the way from 
Hampstead to town ? 

Father. They are ; but these supj^y the in^ 
termediate villages, as well as Lon^pn : and 
Hampstead standing so high, the water is car* 
ried up into the first and second stories in some 
bousesL ^ Thus you see that water may be car<» 
ried to any distance, and houses on different 
Ades of a deep vaHey may be supplied by water 
from the same springrhead. You must remem* 
ber that if the valleys are very deep, the pipes 
Qdust be jexceedingly strong near the bottom, 
because the pressure increases in the rapid pro- 
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portion of the odd unmbersy l^ S^ 5, 7, &c. and 
therefore, unless the strength of the wood or 
iron be increased in the sftme proportion, th^ 
pipes will be continually bursting* 

Emma. You told me the other d&y, that the 
large mound of earth, for.it appears nothing else, 
near the end of Tottenham-court-road, was in- 
tended as a resenroir for the New River. 

Father.^ What sq;>pears to you, and others who 
pass by it, only as a mound of eardi, is aa ex- 
ceedingly large basin, capable of contidning a 
great many thousand hogsheads of water. 

Charles. How will they get the water into it? 

Father. At Islington, near the New River 
Head, is made a large reservoir upon some very 
high ground, into which, by meaaa of a steam- 
engine, they will constantly throw wat^ from 
the New River. This reservoir being higher 
than that in Tottenbam-court-road, nothing mtore 
is necessary than to lay pipes from IsUcgten to 
that place, in order to keep it constanUy fall 
of wate% 

By this contrivance, the New River company 
will be able to extend their business to other 
parts of London, where their present head of 
water cannot reach. 

Charles. The wei^t of Water in this place 
must be immensely great. 
. Father. It roust; and therefore you observe 
what a thickness the mound of earth against the 
wall is towards the bottom, and that it dimi- 
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nishes towards the^top auk the pressure becomes 
less and less. - 

Emma* Would not the consequences be very 
serioQs, if the water were to insinuate itself 
through the earth at the bottom ? 

Father. If such an accident were to happen 
when the reservoir was full of water, it would 
probably tear up the works^ and do incredible 
mischief. . To prevent this, the vast bank of 
eai^th is sloped within, as well as without ; it 
will then be covered with i strong. coating of 
clay ; after this it will be built up with a very 
thick brick wall^ which will be carefully tarrass* 
ed over; so Uiat the whole nass will be as firm 
and compact as. a glass bottle. 
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Of tiie Spedfie Ganrit^ of Bodies. 

Emma. What is the reason, Papa, that some 
bodies, as lead or iron, if thrown into the water, 
sink, while odiers, as wood/ will swim ? 

Father. Those bodies that are heavier than 
water will sink in it, but those that are lighter^ 
will swim. 



66 STDBOSTATICS. 

Emma. I do not quite comprehend your 
meaning; a pound of wood^ another of water, 
and an<Hher of lead, are all equally heavy. For 
Charles played me a trick die othetr day : he 
suddenly asked which was heavier, a pound of 
lead or a pound of feathers? I said the lead, 
and you all laughed at me, by which I was soon 
led to perceive, that a pound, or 16 ounces of 
any substance -whatever, must be always equal 
to the same weight. 

Father, You are not the first person that has 
been taken in by this question. It is a common 
trick. Although a pound of lead and another 
of water be equally heavy, yet they are not of 
equal magnitudes. Do you know how much 
water goes to a pound ? 
^Charles. Yes; about a pint 

Father. Do you think that if I were to fill 
the same pint measure with lead, that would 
w^igh a pound only? 

Charles. Oh no ; that would weigh a great 
deal more. I do not bdieve that the 14 pound 
weight below stairs is much .larger than a pint 
measure. 

Father. Yes it is, by about a fourth part : the 
same measure that contains one pound of water, 
would, however, contain about 11 pounds of 
lead : but it would contain 14 pounds of quick- 
silver, which, you know, I could as easily pour 
into the vessel as if it were water* 

Here are two cups of equal size; fill the one 
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with water, and I will fill' the other with quick- 
silver. . , . 

Emma. Why do you Dot let Charles pour out 
the quicksilver? 

Father. The loss of water is a matter of little 
cousequenee; bat if by< cbafic^ he had thrown 
down the quicksilver, the accident might have 
occasioned the loss of sixpence, or a shilling ; and 
economy is right in all the affairs of life. Take 
the cups in your hand : which is the heavier? 

Charles, The quicksilver by much. 

Father* But the two cups are of eqCial size. 

Emma. Then there must be equal quantities 
of water and quicksilver. 

Father. They are equal in bulk. 

Charles. But very unequal in weight: shall 
I try how much heavier the one is than the 
other. 

Father. If you please. In what manner wijl 
you ascertain the matter? 

Charles. I will carefully, weigh the twacups, 
and then dividing the large weight by the 
smaller, I shall see how many times heavier the 
quicksilver is than water. 

Father. You will not come to the point accu- 
rately by that means; because the weight of 
the tvifis is probably equal, but by this method 
they ought to differ in weight in the same pro* 
portion as the two substances. 

Emma. Then pour the quicksilver first into 
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the scale and weigh it ; afterwards do the same 
with the water ; and divide the fprmer by tbe 
latter: will not that give the result? 

Father. Yes, it will : or you may make the 
exj^riment in this method. 

Here is a small phial, that werghsji now it is 
empty, an ounce ; fill it with pure rain water, 
and the weight of the whole is two ounces. 

Charles, Then it contains one ounce of water. 

Father. Pour out the water and let it be well 
dried both within and without; fill it now>ery 
accurately with quiekpilver, and wei^ it again. 

Emma. It weighs a little more than 15 
ounees : but as the bottle weighs one ounce, the 
quicksilver weighs somethipg* more than 14 
oundes. 

Father. What do you infer from this, Charles? 

Charles. That the (j[uicksilver is more than 
14 times heavier than water. 

Father. I will now pour away the quicksil- 
ver, and fill the phial with pure spirits of wine, 
or, as the chemists call it, with aicahoL 

Emma. It does not weigh two ounees now, 
consequently the fluid does not weigh an ounce. 
The alcohol is, then, lighter than water. 

Father^ By these means, which you cannot 
fail of understanding, we have obtained the 
comparative weights of three fluids; philoso- 
phers, as I have before told you, cm these 
l^omparative weights, the spectjic gravities of 
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the fluids ; tbey have agreed al^ to rnake pure 
rain water the standard to which they refer the 
comparative weights of ^all other bodies, whe- 
ther solid or fluid. 

• Charles. Is there any particular reason why 
they refer water to every other aubstance ? 

Father. I told you a few days ago» that rain 
water, if very pure, i» of the sam^ weight in 
all parts of the world : and what, is very re- 
markable, a cubical foot of water weighs ex- 
actly a thousand ounces avoirdupois : on these 
accounts it is admirably adapted for a stand- 
ard, because you can at once tell the weight qf 
a cubical foot ^of aiiy other substance, if yo^ 
know its specific gravity. ' 

JBrntna, Then a cubical foot ^f quicksilver) 
weighs 14,000 ounces ~ 

Pother. You are right;, and if lead is 11 
timef heavier thaa water, a cubical foot of it 
will weigh 11,000 outices. 



CONVERSATION XI, 



of the Specific Gravities of Bodies. 

Father. Before we enter upon the methods of 
obtaining the specific gravities of different bo- 
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dies, it ^1 be right to premiie a few pariioular^^ 
which it is oeeessarjr should be well under* 
atood. 

Yba now understand^ that the speeific gravity 
of difietent bodies depends upon the different 
quantities of maUer which equal bulks of these 
bodies contain. 

Charles. As the nu>fnenU^ of different bodi€s 
are estimated by the quantities of matter when 
the velocities are the same : so the specific gra- 
vity of bodies is estimated by the quantities of 
matter when the balks or magnitudes are the 
same. This, I believe, is what you mean. 

Father. I do: if you had a piece of wood, 
and another piece of lead, both exactly equal 
in size to ^ copper penny^piece, the former 
would be much lighter, and the latter consider- 
)id>ly heavier than the copper* 

Charles. And I should say that the specific 
gravit^y of the wood is less than that of th^ 
eopper, but of the leiid it is greater. 

Emma. Is it then the dermty that constitutes 
tl^e specific gravity ? * 

Father. Undoubtedly it is; and, as we ob? 
served yesterday, water is made use of as a met 
dium to discover the different specific gravities 
of different bodies; and also as a standard to 
which they may be all referred. 

Here are three pieces of different kind^ of 

^ Set ToL I. Of Mephsnicp. Cpn?er. lY, 
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vfOoAy wkieh I wiU put into this vessel of 
water : one smks to the bottom ; a second re* 
mains iri any position of the water in whieh it 
is placed; and the third swims on the water 
with more than half of the substance above its 
surface^ 

Charles. The first then, is heavier than the 
water, the second is of the same weight with 
an equal bulk of the fluids and the third is 
lighter. 

Father. Since flu|d» press in all directions^ a 
8oUd that is immersed id water sustains a pres» 
sure on all sides, which is increased in propor- 
tion to the height of the fluid above the solids 

Emma. Thaft seems natural, but an experi- 
ment would fix it better in the mind. 

Father. Tie a kathern bag (Plate i. Fig: 8.) 
to the end of a glass tube^ and pour in some 
tiuicksilver. Dip the bag in water, and the 
upward pressure of the fluid will, raise the 
quicksilver in the tube, the ascent of which wiU 
be higher or lower, in proportion to tihe height 
of the water above the bag. 

Emma. I now iinderstand that the upper part 
of the, tube being emfptjr, or, at least, only filled 
with air, the upward pressure of the water 
against the bag must be greater than Ae down- 
ward pressure of the air ^ and that as^the pr^ff- 
sure increases according ta the depth, therefore^ 
the mercury must keep risipg in the tabe« 

What Is the reason- tM ft body hea/vier than 
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water, as a stone, sinks to the bottom, if the 
pressure upward is always equal to that down- 
wards? 

Father. This is % very proper question. The 
stone endeavours to descend by the force of 
gravity : but it cannot descend without moving 
away as. much of the water a? is equal to the 
bulk of the stone; therefore it is resisted, or 
pressed upwards, by a force equal to the weight 
of as much water as is equal in magnitude to 
the bulk of 4he stone ; but the weight of the 
water is less than that of the stone, consequent* 
ly tile force pressing against it upwards is less 
than its tendency downwards^ and therefore it 
will sink with the difference of those two forces. 

You will now be at no loss to understand the 
mdson why bodies lighter than water swim : * 

As patan^ straws and buoyaht leaves 
Tbie yielding surfiice but receires ; 
while pearls, that lure the searching eye, 
Deep treasured in its bosom lie, 
May trifies such reception find» 
Float merely transient on my mind. 
While weightier thoughts admission win. 
Sink its whole depths, and rest within. 

BttOWNX. ^ 

Charles, The water bding heavier, the force 
upwards is greater than the natural gravity of 
the body, aud will be buoyed up by 3ie differ* 
ence of the* forces. 

Fatheri Bodies of this kind, then, will sink 
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ifl watei^9 till so much of them is b^Iow the surface, 
that a bulk of water equat to the bulk of the part 
of the body which is below the surface, is of A 
* weight equal to the weight of the whole body. ' 

Emma. Will you explaia tHis more particu- 
larly? 

Pathtr. Suppose the body to be a piece of 
woody part of whicjh/ will be alcove and. part 
below the surface of the water : in this state 
conceive the wood to be frozen into the water. 

Charles. I understand you: if the.;iiirood be 
taken out of the ice/ a yaeuity will bejeft, anil 
the quantity of water that is required to fiU that 
racuity will weigh as mqch as the whole sub- 
stance of the wood. " - 
^Father. That was what I Qieant to bavesaid. 

There is one case remaining :^— where equal 
bulks of the water and the wood are of the 
same weight, the force with which, the wood 
endeavours to descend, and the force that op- 
poses it, being equal to one another, and act- 
ing in contrary directions, the body will rest 
between them, so as neither to sink by its own 
weight, nor to ascend by t^e upward pressure 
of the water. . 

JSmma. What is the meauing of this glass jfir 
w;tli the iqaag^s in it? (Plate in. Fig. 19.) 

Fathtr. I placed it on the taJJ)]^ ia order to 
illustrate o.ur subject toda^. , Tbu obserye^hat, 
by pressing the bladder with ni y Jiand, the three 
images all sink. . 

V©L. JI.— « ' ^ j3 
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Emma. But not at the same moment 

Father. The images are made of glass, and 
.about the same specific gravity with the water 
surrounding them, or perhaps rather less than 
it, and consequently they all float near the sur- 
face. They are hollow, with little holes in t|ie 
feet When the air, which lies between the 
bladder and the surface of the water, is pressed 
by my hand, there is a pressure on the water 
which is communicated through it, and that 
part of it which lies contiguous to the feet of 
the images will be forced into their bodies, by 
whibh their weight is so much increased as to 
render them heavier than the water, and they 
descend. 

Charles. WHy do they not descend to the 
same depths? 

Father. Because the hollow part of the image 
£ is larger than the hollow part of n, and that is 
larger than that of c ; consequently the same 
pressure will foi'ce more wat^f into £ than into 
B, and more into n than into c. 

Emma. Why do they begin to ascend, now 
you have tal^en yovtr hand away ? 

Father. I said the hollow parts of the ima- 
ges were' empty, which* was not quite correct : 
they were foil of air, which, as it could not 
escape, was compressed^ into a smaller space 
whfc the water was forced in by the pressure 
upon the bladder. But as soon as the pressure 
is removed, tiie air in the images expands, drires 
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out the water^ arid they become as light as at 
first, and will therefore rise to the surface. 

Charles. The images, in rising up to the sur- 
face, turned round. 

Father. This circular motion is owing to the 
bole beins on one side; and when the pressure 
is taken off, the water issuing out quickly is re- 
sisted by the water .in the vessel, and the re- 
action being exdrted on one foot, tiirns the 
figure round. 



CONVERSATION XII. 



Of the Methodfl of finding^ the Specific Gravity of Bodies. 

Emma. What are ymi going to weigh with 
these scales? 

Father. This instrument (Plate in. Fig. 20.) 
is called the hydrostatical balance ; it differs 
but little from the balance in common use. 
Some instruments of this kind are more oom- 
plicated, but the most simple are best adapted 
to my purpose. 

To the i>eam two scale-pans are adjusted^ 
and may be taken off at pleasure. There is also 
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another pan a, of equal weight with one of the 
others,* furnished with shorter strings and a, 
small hooky so that an^ body may be hung to it, 
und then immersed in the vessel of water b. 

Charles. Is it by means of this instrument 
that you find the specific gravity of different 
bodies? 

Father, It is: 1 will first give you the rule, 
^nd then illustrate it by experiments. Th^ rule 
should be committed to memory. 

'< Weigh the body first in air; that is, iD 
the common method : then weigh it in water ; 
observe how much weight it loses by being 
weighed in water, and by dividing the former 
weight by the loss sustained, the result is its 
specific gravity, compared with that of the 
water*" 

I will give you an example. — Here is a new 
guinea: it weighs in the air 129 grains : I sus- 
pend It by a fine thread of horse-hair to the 
oook at the bottom of the pan a, and you see 
that by being immersed in water it weighs only 
1211 grains. 

Emma. Then in the water it has lost of its 
weieht 7i grains. 

father. Divide 129 by 74, or by lurning the 
If into decimals, by 7.25. 

Charles. But I must add two ciphers, to the 
129 grains, because there, must always be as 
inany decimals in the dividend as there are in 
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the divisor. , And 129.00 divided by 7.25 gires 
for the quotient more than 17. 

Father. The gold is therefore more than 17 
times heavier than water. 

Emma. I do not understand the reason of this. 

Father. In this scale is a basin filled accu- 
rately to the brim with water. I will put a 
piece of mahogany into it very gently; any 
thing else would answer the same purpose. 

Emma. The water runs over into the scale. 

Father. So I expected it would : now every 
thing is at rest, and the basin is just as fulPas 
it was at first, only that the wood and water 
together fill. the badin, whereas it was all water 
before. I will take away the basin, and put the 
mahogany by itself into the other scale. 

Emma, It balances the water that run out of 
the basin. 

Charles. The mahogany then displaced a 
quantity of water equal to itself in weight. 

Father. And sordid the guinea just now ; and 
if you had taken the same precaution, you 
would have found that the quantity of water 
equal in bulk to the guinea weighed 7i grains, 
the weight which it lost by being weighed in 
the fluid. 

Emma. Am I to understand that what any 
substance loses of its weight, by being immers- 
ed in water, is equal to the weight of a quantity 
of water of the same bulk as the substance It- 
self? 

G 2 
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Flather* This is true, if the body be: wlioUy 
immersSd in water ; and with regard to all sub- 
staaces that are specifically heavier than water, 
you ipay take it as an axiom, that ^^ every body, 
when immprsed in water, loses as much of its 
weight as is equal to the weight of » bulk Qf 
water of the same magnitude/' 

I will now place this empty bo^c on the basin 
fifled to the edge with water, and, as before, it 
drives over a quantity of the fluid equal in 
liveight to itself. Put in two penny-pieces, and 
you perceive the box sinks deeper . into the 
'water. 

Charles. And they drive more water over t 
US much, I suppose, as is equal in weight to the 
popper coin. 

Father. Right : bow long could you go on 
loading the box ? 

Charley. Till the weight of the eopper and 
box, taken together, is something greater than 
the weight of as much water as is equal in bulk 
to the box* 

Father, Tou understand, then, the reason 
Why boats, barges, and othei^ vessels, swina on 
water ; and tp what extent you may load them 
i^ith safety. 

JSmmOf They will swipii so long as the weight 
pf the vessel and its lading together, is less 
^n that of a quantity of water, ^qual in bulk 
to the vessel. 

Father. Can you, Charles, devise any method 
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to make iron or lead awim, which are so much 
heavier than water ? 

Charles. I think I ean. If the metal be beat 
oat very thin, and the edges turned up, I can 
easily conceive that a box or a boat of it may 
be made to swim. Of this kind is the copper 
ball which is contrived Lo turn off the water 
when the cistern is full. 

JB^ima. I have often wondered how that acts. 

Father. If upon reflection you could not sa- 
tisfy yourself about thef mode of its acting, you 
should have asked ; it is better to get information 
from another than to remain ignorant 

The bally though made of copper,* which is 
eight or nine times heavier dian water, is beat 
out BO thin, that its bulk is much lighter than 
an equal bulk of water. By means of a handle 
it is fastened to the cock, through which the 
water flows, and 0$ it sinks, or rises, it opens or 
shuts the oockf 

If the cistern is empty, the ball hangs down, 
and the cock is open^ to admit the water freely : 
as the water rises in the cistern it reaches the 
bair, which, being lifter than the water, rises 
with it^ and» by rising, gradually shuts the 
cock, and, if it be properly placed, it is con- 
trived to shut the cock Just at the moment that 
the cistern is full. 

tn the same way (hat these Iialls are madey 
boats of iron are now cbnstructed . at the iron- 
works in Shropshire : tbeyvwill last longer than 
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wood^ and cause less friction in passing through 
the water. 

Can you, Emma, find the specific gravity of 
this piece of silver? 

Emma, tt weighs in air 318 grains: I now 
fasten it to the hook with the horse-hair, and 
ft weighs in water 288 grains, which, taken 
from 318, leave 30, the weight it lost in water. 
By dividing 318 by 30, the quotient is about 
lOJ, consequently the specific gravity of the 
silver is ten and a half times greater than that 
of water. 

Falher. What is the specific gravity of this 
piece of flint-glass? It weighs 12 pennyweights 
in air. 

Charles. And in water it weighs only 8, and 
consequently loses 4 by immersion ; and 12 di- 
vided by 4 gives 3, therefore the specific gra- > 
vity of flint-glass is 3 times greater than that of 
water. 

Father, This is not the case with all flint- 
glass ; it varies from 2 to almost 4. 

Here is an ounce of quicksilver ; let me know 
its specific gravity by the method now pro- 
posed. 

Emma. How will you manage that ? you can- 
not hang it upon the balance. 

Father. But you may suspend this glass 
bucket (Plate iii. Fig. 21.) on the hook at the 
bottom of A ; immerse it in the water, and then 
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balance it exacUy with weights in the opposite 
scale. 

I will now put into the bucket the ounce^ or 
480 grains of <{iiieksUyer| and see bow much it 
* loses in water. 

Charles* It weighs 445 grsins^ and eonse* 

Suently it lost 35 grains by immersion $ and 48d 
ividea by 35 give almost 14, so that mercury 
» alniost 14 times heavier than water. 

father. Ih the same manner we obtain tfie 
specific gravity of all bodies that consist of 
small iragments. They must be put Into the 
glass bucket and weighed ; and then if from the 
weight of the bucket and body in the fluid, j^oul 
subtract the weight of the bucket, there xemaini 
the weight of the body in tlie fluid. 

Emma. Why do you mike use of horse-hair 
to suspetfd the substance with? would not silk 
or Uiread do as well ? 

, FtUher. Horse-hair is 'by much the best, for 
jt i4 very nearly of the same-specific gravity of 
water ; and its substance ii of such a nfiture as 
pot to imbibe mblsture. 
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CONVERSATION XIU. 



Of the Methods of finding the Specifie Qttmtf of Bodies. 

* 

Charles. I have endearoured to find out the 
specifie gravity of this piece of beech-wood ; 
but as it will not sinkia the water, I know not 
how to do it. 

Father^ It is true, tliat we have hitherto only 
given rules for the finding of the specific gra- 
vity of bodies that are heavier than water ; a 
little consideration, however, will show you how 
to obtain the specific gravity of the beech. Can 
you contrive means to sink the beech in the 
water? 

Charles, Yes ; if I join a piece 6f lead, or 
other metal, tb the wood, it will sink. 

Father. The beech weighs 660 grains ; I will 
annex to it an ounce, or 4S0 grains of tin, which 
in water loses of its weight 51 grains. In air 
the weight of the wdod and metal taken together 
is 1140 grains: but in water they weigh but 
138 grains; 13$ taken from 1140 leave 1002, 
the difierence between the weights in air and 
in water. 

Charles. I now see the mode of finding what 
I want The whole mass loses 1002 grains by 
immersion, and the tin by itself lost in water 
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51 grains; therefore the wood lost 951 graiDS 
of its weight by immersion : and 660 grains, 
the weight of the beech in air, divided by 951, 
which It may be said to lose by immersion, 
leaves in decimals for a quotient .694* 

Father. Then making water the standard 
equal to 1, the beech is .694, or nearly -/^ths 
of 1 : that is, a cubic foot of water is to a cubic 
foot of beech as lOQO to 694, for the one weighs 
1000 ounces, and the othiy 694 ounces. ' 

Efntna. It seems odd how a piece of wood 
that weighs about 660 grains in air^ should lose 
of its weight 951 grains. 

Father, You must, in this case, consider the 
weight necessary to make it sink in water, 
which must be added to the weight of the wood. 

I will now endeavour to make the subjeet 
easier by a different method. 

This small piece of elm a, I will pkce be- 
tween the tongs (Plate iii. Fig. 22.) that are 
nicely balanced on the beaffi, (Fig. 20.) The 
elm weighs 36 grains. To detain it under water, 
I must hang 24 grains to the end of the lever on 
which the tongs are fixed : then by the Rule of 
Three, I say, as the qiecific gravity of the elm 
\i to the specific gravity of water, so is 36, the 
weight of the elm, to 60, the weight of the elm 
and the additional weight required to sink it id 
water, or as 60 : 36 : : S. 6. W. : % G. R 

Emma* You have not obtained the specific 
gravity of the elm, but a proportion only. 
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Charhs. But t^ree terms are giiren^ beeause 
the water is always considm^ as unity or 1^ 
therefore the specific gravity of the elm is 

36x1 

60 

Emma. I do not yet comprehend the reason 
of the proportion assumed. 

Father. It is very simple. The elm is lighter 
than the water, b;it hv hanging weight? to the 
side of the balance, ^ which it is attached, fn 
order to detain it just under water, I make thp 
whole exactly equal to the specific gravity of 
the water ; by this means it is evident, that the 
comparative gravity of the elm is tp that of the 
water as 36 to 60. 
. Try this piece of cork in the sam9 manner. 

Emma. It weighs § an onnce, or 240 grainii, 
ill air; and to deUun the cork and tongs just 
under water, I am obliged to 6ang 2 ounces, or 
960 grains, of lead, on the lever : therefore the 
specific gravity of the cork is to that of the 
water as 240 is to 1200; and 24Q divided /by 
1200 ffives the decimal .2. ' 

Father. Then the specific gravity of water is 
5 times greater than that of cork. 

Charles. We have accordingly obtained the 
specific gravities of water, beech, elm, and cork, 
which are as 1,,«7 nearly, .6 and .2. 

Father. You now understand the ipethods of 
obtaining^ the specific gravity of all solids. 
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"Whether lighter or heavier than water. In mak^ 
ing experiments upon light and porous woods, 
the operations must be performed as quiekly as 
possible, to prevent the water from getting into 
the pores. 

Charks. And you have likewise shown us a 
method of getting the specific gravity of fluids, 
by weighing certs^in quantities of each. 

Father. I have still a better method : the rule 
I will give in words; you jfhall illustrate it by 
examples. 

<'If the same body be weighed in different 
fluids, the specific gravity of the fluids will be 
as the weights lost" 

Emma, The body made use of must be hea- 
vier than the fluids. 

Father. Certainly : this glass ball loses of 
its weight, by immersion in water, 803 grains; 
in milk it loses 831 grains ; therefore the specific 
gravity of the water is to that of milk, as 803 to 
631. New a cubical foot of water weighs 1000 
ounces: what will be the weight of the same 
quantity of milk? 

Emma. As 803 : 831 : : 1000 : 
1000x631 

■ a=x 1035 ounces nearly. 
603 

Father, Do you, Charles, tell me what is the 
apeeific gravity of some spirits of wine wjiich I 
have in this phial. * 

VOL. II. — ^H 
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Charles, The glass loses in water fiO^grains, 
in the spirit of wine it loses 699 grains, there- 
fore the specific gravity of water is to the spirit 
^s 803 is to 699: and to find the weight of 
a cubical foot of the spirit, I say, as 

1000X699 

803 : 699 : : 1000 : = 870 ounces. 

803 

Father. You may now deduce the method of 
comparing the specific gravities of solids one 
with another, without making a common stand- 
ard. 

Here is an ounce of lead and another of tin : 
I may weigh them in any fluid . whatever : in 
water, the lead loses by immersion 42 grains, 
and the tin 63 grains^ 

Emma, Is the specific gravity of the lead to 
4bat of the tin as 42 to 63? 

Father. No : " the specific gravities of bodies 
are to one another inversely as the losses of 
weight sustained : " therefore the specific -gra- 
vity of the lead is to that of the tin as 63 to 42 ; 
or if a block of lead weighs 63 pounds, the same 
sized block of tin will weigh 42 pounds only. 

Charles. I think I see the reason of this : the 
heavier the body, the less it loses of its weight 
by immersion ; therefore, of two bodies whose 
absolute weights are the same, that is, each 
weighing an ounce, pouhd, &c. the one which 
loses least of its weight will be tho most speci- 
fically heavy. 
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^ Father. You are right ^ for the specific gr** 
vity of bodies is as their density^ and their den- 
sities are inversely as the weights they lose by 
immersion ; that is, the body that is most dense 
will lose thef least in water.. 



CONVERSATION XIV. 



<3l'the Methods of obtaining^ the Specific GlUvity of Bodies. 

Father. As I have shown you the methods of 
finding the specific gravity of almost all kinds 
of bodies^ it will be proper in this, and one or 
two lessonsy to show you the practical utility of 
thi^pjurt of science. 

Emma, To whom are we indebted for the 
discovery of the mode of performing these ope- 
rations? 

Father. To that most celebrated mathemati- 
cian of antiquity, Archimedes. 

Charles* Was he not slain by a common sol* 
dier, at the siege of Syracuse ? 

Father. He was, to the great grief of Mar- 
cellus, the Roman commander^ who had order* 
ed that his bouse and person should be respect- 
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ed ; but th« philosopher waB too deeply engaged 
ia solving some geometrical inquiries to think 
of seeking that protection which even the ene- 
my intended for him. 

Emma. Had he at that time so high a repu^ 
tation as to induce the general of a besieging 
army to give particular orders for his preser- 
vation ? 

Father. His celebrity was so great among 
the literati of Rome, that his tragical end caused 
more ceal sorrow than the capture of the whole 
island of Sicily did joy. 

We are informed by history, that it was by 
the wisdom of Archimedes that the fate of Sy* 
racuse was long suspended : by his inventions 
multitudes of the Roman army were killed, and 
their ships destroyed : and it is added that he 
made use of burning glasses, which, at the dis* 
lance of some hundreds of yards> set the Roman 
vessels on fire. 

Charles. I wonder then that he was not de- 
fended by his fellow-citi2ens. * 

Father. Alas ! my child, I an^ sorry to say, 
that in other countries, as well as Sicily, there 
have been instances, in which persons who have 
benefited their country as much as Archimedes, 
have experienced no more gratitude than he 
did. 

It is a fortunate circumstance when the ef- 
forts of philosophy are directed, under able 
judgment, to the defence of one's country. The 
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Romans had no more right to plunder Sicily 
than the highwayman has to rifle your pockets 
or mine. In the eye of reason and Justice^ of- 
fensivt war is the most deliberate and cruel sy£>- 
tem of robbery and murder. 

But to return to our subject. To Archimedes 
the world is indebted for the discovery, **That 
every body heavier than its bulkofwater, loses 
so much of its weight, by being suspended in 
water, as is equal to the weight of a quantity 
of water equal to its bulk.'' 

Emma. How did he make the discoverv? 

Father. Hiero, king of Syracuse, had given 
to a jeweller a certain quantity of pure gold, 
to make a crown for him. The monarch, when 
he saw the crown, suspected the artist of having 
kept back part of the gold. 

Emma. Why did he not weigh it? 

Father. He did ; and found the weight right ; 
but he suspected, perhaps from the colour of 
the crown, that sorne baser metal had been 
mixed with the gold, and therefore though he 
had his weight, yet only a part of it was gold, 
the rest was silver or copper. He applied to 
Archimedes to investigate the fraud. 

Charles. Did he melt the crown, and endea- 
vour to separate the metals ? 

Father. That would not have answered Hie- 
ro's intentions: his object was to detect the 
roguery, if any, without destroying the work- 
manship. While the philosopher was intent 
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upon the problem, he went, aecording to his 
custom, into the bath, and he observed that a 
quantity of water flowed over, which he thought 
must be equal to the bulk of his own body. He 
instantly saw the solution of Hiero's problem. 
In raptures at the discovery, he is said to have 
leaped from the water, and run naked through the 
streets of the city, shouting aloud EvfiTxo! ^fpcal 
"I have found it out ! I have found it out !" 

When the excess of his joy was abated, be 
got two masses, one of gold, and the other of 
silver, each equal in weight to the crown, and 
having filled a vessel very accurately with wa^ 
ter, into which he first dipped the silver mass, 
and observed the quantity of water that flowed 
over; he then did the same with the gold, and 
found that a less quantity -of water had flowed 
over than before. 

Charles. And was he, from these trials, led 
to conclude that the bulk of the silver was 
greater than that of the gold ? 

Father. He was. And also that the bulk of 
water displaced was, in each experiment, equal 
to the bulk of the metal. He then made the 
same trial with the crown, and found, that 
thotigh of the same weight with the masses of 
silver and gold, yet it displaced more water 
than the gold, and less than the silver. 

Emma,. Accordingly he concluded, I imagine, 
that it was neither pure gold, nor pure silver. 
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Charles. But how could he discover the pro* 
portions of each metal ? 

feather. I believe we have no other facte to 
carry us further into the history of this inter- 
esting experiment But to-morrow I %vill en- 
/leavour to explain and illustrate the matter. 
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Of the Methods of obtaining the Specific CSnvUy of Bodicsi 

Emma. You. are to descrii>ey to-day^ the me- 
thod of detecting the proportion of each metal, 
if two are mixed together in one mass. 

Father. Suppose I take in change a guinea/ 
"which I suspect to be bad ^ upon trying it I find 
it weighs 139 grains, which is the standard 
weight of a guinea. I then weigh it in water, 
and it loses of its weight 8i grains, by which I 
divide the 129, and the quotient is 15.6, the 
^specific gravity of the guinea. But you know 
the specific gravity of the gold, in Tower-made 
'guinea3, is more than 17, and therefore I con- 
clude the guinea is base metal, a. mixture of 
silver, of copper, witib standard gold. 

Charles. But how will you get the|iroportion« 
of the two metals ? 
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Father. Suppose, for example^ that the mass 
be a compound of silver and gold. — *^ Compute 
<< what the loss of a mass of standard gold would 
<<be; and likewise the loss which a mass of sil- 
<' ver equal in weight to the guinea would sus- 
<< tain. Subtract the loss of the gold from that 
'<of the compound, the remainder is the ratio 
"or proportion (not the quantity) of the silver : 
"then subtract the loss of the compound from 
"U\at of the silver, the remainder is the pro- 
"portion of the gold." I will propose you an 
example. 

What are the proportions of silver and gold 
in a guinea weighing ISd grains, whose specific 
gravity is found to be only 13.09 ; supposing the 
loss of standard gold 7.25, and that of a piece 
of silver, equal in weight to a guinea^ 12^45y 
and the loss of the compound 9.85 ? 

Charles, I first subtract the loss of standard 
gold 7.25 from the loss of the compound 9.85, 
the remainder is 2.6: I now take the loss of 
the compound 9.85, from that sustained by the 
silver 12.459 ^^^ ^^ remainder is also 2.6. 

Father. Then the propottions of silver and 
gold are equal to on^ another, consequently the 
raise guinea is half standard gold and half silver. 

Here is another counterfeit guinea^ which is 
full weight, but I know it is composed o^ stand- 
ard gold, adulterated with copper, and its loss 
in water is> as you see, 8.64: now tell me the 
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proportions of the two metftis ; but you should 
be infofnied that a pieceof copper of the weight 
of a guinea would lose in water 14.65 grains. 

Emma. I deduct 7.25, the loss of a guinea 
standard ^old) from 8.64, the remainder is. 1.39 ; 
I now take the loss of the conipound 8.64 front 
14.65) die loss sustained by a piece of copper 
et{ual in weight to a guinea, and the remainder 
IS 6.01. Is not the proportion of copper to gold 
as 1.39 to 6.01 ? 

Father. Ydu are quite right Now, by the 
rule of three, tell me the quantity of each metal. 

Emma. To find the weight oif the copper, I 
add 6.01 and 1.39 together, which are the pra* 
poriianal weights of the two metals. And say, 
as 7.40, the sum. Is to 1.39, the proportional 
weight of copper, so is the weight of *the guinea, 
189 grains, to the real weight of copper, con- 
tain^ in the counterfeit guinea : but 

1.39x109 

ars24.1, therefore there is a little 
7.40 
more than 24 grains of copper in the compound. 

Father. You have foui^d then that there are 
S4 grains of copper in this counterfeit guinea. 
How will ^ou find the weight of the gold? 

Emma. Very easily : for if the composition 
be copper and gold, and there are found to be 
24 grains of copper, there 'must be 105 of gold. 

Charles. I have a question to propose. If by 
chance you take a' bad guinea (I have heard you 
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say tfaftt you never attempt to pass bad money 
upon othersy) how should you be able to ascer- 
tain the ralue it would fetch at the goldsmith's ? 

Father. It is certainly very Wrong knowing- 
ly to pass bad money upon the public : no man 
has a right to commit an injury because he has 
received one^ if, therefore, I have taken coaa^ 
terfeit money, I ought to abide by the loss, 
rather than run the risk of injuring my neigh- 
bour : besides, in the course of circulation^ a 
bad gui^nea, or a seven-shilling piece, or even 
coins of much less value, may fall into the 
hands of a poor and industrious family, which 
they perhaps laid by to answer the extraordi- 
nary demands of sickness ; and at that period 
of distress, hot being able to say from whom 
they received the counterfeit coin, they may 
possibly be reduced to serious and pitiable dif- 
ficulties : and therefore it is better for me to put 
up with the loss than run'the hazard of injuring 
the poor. 

Now to answer your question. A piece of 
copper, of equal weight with a guinea, loses of 
its weight in water 14.63 grains, 7.4 more than 
is lost by a standard guinea. The value x)f a 
standard guinea is 252 pence, divide therefore 
252 by 7.4 and you get 34, the number of pence 
that is deducted, from the value of a guinea, 
for every grain it loses more than it would lose 
if it were sterling gold. 

Emma. In the guinea that lost 8.64, how much 
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niust be deducted from the real value of a gui- 
nea standard gold ? . 

Charles. I can tell that ; subtract 7.25 from 
8.64, the remainder is 1.39, and this multiplied 
by 34 pence gives 47.26 pence, or very nearly 
4 shillings, consequently that guinea is worth 
only 17 shillings. - 

Father. Suppose the compound were silver 
aad gold, how would you proceed in making an 
estimate of its value ? 

Charles, A piece of silver of the weight of a 
guinea would lose 12.45 grains, from which I 
deduct 7.25, and with the remainder 5.2 I di- 
vide the value of a guinea, or 252 pence, and 
the quotient is 48.4 pence, or rather more than 
4 shillings is to be deducted from the value of 
a guinea adulterated with silver, for every grain 
it loses by immersion more than standard gold. 

Emma. How is that, Papa? Silver is much 
dearer than copper, and yet you allow 4 shil- 
lings a grain when the guinea ih dloyed with 
silver, and but 2s. lOd. when the mixture is 
made with copper ? 

Charles. Because the spediiic gravity of sil- 
ver is much nearer to that of gold, than that of 
copper, consequently if equal quantities of sil- 
ver and copper were mixed with gold, the silver 
would cause a much less loss by immersion in 
water than the copper. ^ 

As it seldom happens that the adulteration of 
metal in guineas is made up with all copper, or 
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with all ailver, but generally with a mixture of 
both, three shillings is upon the average allowed 
for every grain that the base metal loses by 
immersion in water more than sterling gold. 

Emma. There is a silver cream jug in the 
parlour ; I have heard Mamma say, she did not 
think it was real silver ; how could she find out 
whether she has been imposed on ? 

Father. Go and fetch it We will now weigh 
it 

Emma. It weighs 5i punces, but I must 
weigh it in water, and it has lost in the water, 
lOi dwts; and dividing 5i ounces, or 110 pen- 
ny-weights, by lOi, I get for answer 10.7, the 
specific gravity of the jug. 

Father, Then there is no cause for complaint, 
for the specific gravity of good wrought silver 
is seldom more than this. 

7\ibk ofSptafia GnwiHes. 

Diftilled water .... 1.000 
Sea water ...... X.026 

Standard go)d 17.486 

Mercuiy 13.568 

Standard silver 10^91 

Lead . 11.352 

Brass ...--... 8.395 

Copper y.ras 

Tin - 7.291 

Iron (cast) 7.207 

Iron (bar) 7.788 

Zinc 7.191 

t^rmt-GHss 3.290 



If 
1 
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Ivm - - 1jS2S 

Oa 940 

Cork 240 
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of the Hydrometer. 

Father. Before I deseribe the construction 
and uses of tl\e hydrometer, I will show you 
an experiment or two which will afford you en- 
tertainment, afto* the dry calculatioofl in some 
of our f((Hrmer eontersations* 

Charles. The arithmetical operations ar6 
rather tedious to be sure, but Uiey serve to 
bring to mind what we have already learnt, 
and at the same time show to what uses arith- 
metic may be a]q>lied. 

Father. You know that wine is'^specifically 
lij^ter than water^ and the lighta* body will 
^Iway« be uppermost ; upon time prineiplesy I 
wiU exhibit two or three experiments. I have 
filled the bulb B (Plate ni^Fig. 23*) with the 
port wine to the top of th^ tiarrow 9tem or. I 
now fill A with water. 

JBmmn. The wine is gradually ascending like 
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a fine red thread through the water to its sur** 
face. 

Father. And so it will continue till the water 
and wine have changed places. 

Charles. I wonder the two liquids do not 
mix, as wine and water do in a common drink- 
ing glass. 

Father. It is the narrowness of the stem x 
which prevents the adniixture : in time^ how- 
ever^ this would be effected, because water and 
wine have what the chemists call an attraction 
for each other. 

Here is a small bottle b (Plate ni. Fig. 24. ) 
with a neck three inches long, /ind about one 
sixth of an inch wide ; it is full of red wine. I 
will now place it at the bottom of a jar of wa* 
ter, a few inches deeper than the bottle is high. 
The wine you observe is ascending through 
the water. 

Emma. This is a very pretty experiment: 
the wine rises in a small column to the surface 
of the water, spreading itself over it like a 
cloud. 

Father. Now reverse the experiment : fill the 
bottle with water, and plunge its neck quickly 
into a glass of wine; the. wine is taking place 
of the water. « 

Charles. Could you decanter a bottle of wine 
in this way without turning it up ? 

Father. I could if the neck of the decaliter 
were sufficiently small. The negroes in the 



• ■ 

Wesi-Indiee are said to be well acquainted with 
this part of hydrostatica, and that they plunder 
their masters of' rum by filling a common bottle 
with water and plunging the neck of it into tbe 
buqg-hole of the hc^shead. 

Emma. Poor creatures,, they ought to have 
something to console them for the miseries they 
endure. 

Father. Indeed the cruelties that are in ge- 
lueral exercised upon the slaves, very much ex<* 
t^nuate the crime of pilfering of which they are 
aaid to be^^ilty. 

Upon ^the principle of lighter fluids keeping 
the uppermost parts of a vessel, several fluids 
may be placed upon one another in the same 
Tessel wjthout mixing ; thus in a long upright 
jar, three or four inches in diameter, I can 
place water first, then port, wine, then oil, bran* 
dy, oil of turpentine, and alcohol. 

Charles. How would you pour them in one 
upon another without mixing ? 

Father. This will require a little dexterity : 
when the water is, in, I lay a piece of very thin 
pasteboard over its surface, ,and theti pour in 
the wine; after. which I take away the paste* 
board, and proceed in the same manner with 
the rest Take a common goblet or drinking 
glass, pour water in, and then lay a thin piece 
of toasteji bread upon the water, and you may 
pour your wine upon the bread and the two fluids 
will remain for some time separate. 
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Emma. Is the toast placed merely to receive 
the shock of the witie when poured in ? 

Father. That 10 the reason. Now I will pro- 
ceed to explain the principle of the kydrowutert 
an instrument contrived to ascertain with accu- 
racy and expedition the specific gravities of dif- 
ferent fluids. ' 

A B (Plate III. Pig 25.) is a hollow cylindri- 
cal tube of glass, ivory, copper, &c. five or six 
inches long, annexed to a hollow ilphere of 
copper i> : to the bottom of this is anited a 
smaller sphere e, containing a little quicksilver, 
or a few leaden shot sufficient to poise the 
machine, and make, it sink vertically in the 
fluid. 

Charles. What are the marks on the tube ? 

Father . They are degrees exhibiting the 
magnitudes of the part below th^ surface, con- 
sequently the specific gravity of the fluid in 
whieh it descends. If the hydrometer, when 
placed in water, sinks to the figure 10, and in 
spirit of wine to 11.1^ then the specific gravity 
of the water is to that of the spirit, as 1 1. 1 to 10 : 
for if the same body float upon different fluids, 
the specific gravity of these fluids will be to 
each other inversely as the parts of the body 
immersed. 

Emma. By inversely^ do you mean that the 
fluid in which the hydtometer sinks the deepest 
Is of the least specific gravity ? 
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Fatk^. Yes, I do : here is a piece of dry 
oak, which if I put into spirits of wine is en- 
tirely immersed ; in water the greatest part of 
it sinks below the, surface; but id mercury it 
scarcely sinks at alL Hence it is evident that 
the hydrometer will sink deepest ia the fluid that 
is of the least specific gravity. 

Tokrender this instrument of more service, a 
small stem- is fixe4 at the end of the tube, upon* 
which weighliKlik.e that at g may be placed. 
Suppose then the weight of the instrument is 
10 dwts., and by being placed in aoy kind of 
spirits it sinks to a certain point l, it will re- 
quire an additional weight, suppose 1. 6 dwt to 
cause it to sink to the same depth in water : in 
tbia case the specific gravity of the water to the 
spirit will be as 11.6 to 10. By the addition of 
different weights, the specific gravity of any 
kind of liquor is easily found.. The point i. 
should be so placed as to mark the exact depth to 
which the instruipent will sink in the liquor that 
has the least specific gravity. 

Charles. But you always made the. specific 
.gravity of water 1 for the sake of a standard* 

Father, Right; and to find the speoifiic gra- 
vity of the spirit compared with water at 1 ; I 
say, as 11.6 : 1 ; : 10, : .862 nearly, 
so Uiat I riiould put the spedfic gravity of this 
spirit down at .862 in a table where water was 
marjted 1 : and as a cubic foot of water weighs 

IS 
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qaart This subject we shall resume in our ^ 
ehemicat conversations.* 



CONVERSATION XVII. 



*" Of the Hydrometer, and Swimming. 

■ • r 

Charles. To what purposes is the hydrometer 
applied ? 

Father. It is used in breweries anil distille* 
ries, to ascertain the strength of their difierent 
liquors : and by this instrument the excise offi- 
cers gauge the spirit, and thereby determine 
the duties to be paid to the revenue. 

I think from the time we have spent in con- 
sidering the specific gravity of different bodies, 
you will be at no loss to account for a variety 
of circumstances that wiU present themselves to 
your attention in, the common concerns of life. 
Can youy Emma, explain -the theory of floating 
vessels ? . 

Emma. All bodies whatever that float on the 
surface of the water displace as mucb fluid as is 

* See Dialogues in Chenustiyy Vol J. p. 45. 
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equal in weight to the weight of the bodies^ 
therefore^ in order that a vessel may keep above 
water, it is only necessary to take care that the 
vessel and its cargo, passeogers, &c. should be 
of lesa weight than the weight of a quantity of 
water equal rin bulk to that part of the vessel 
which it will be safe to immerge in the water. 

Father, Salt water, that is, the water in the 
sea, is specifically heavier than fresh or river 
water. 

Charles, Then the vessel ivill not sink so 
deep at sea as it does in the Thames. 

father. That is true ; if a ship is laden at 
Sunderland, dp any other sea-port, with as much 
coals or corn as it can carry, it will come very 
safely till it reaches the fresh water in the 
Thames, and there it will infallibly go to the 
bottom, unless some of the careo be taken out 

JBmma. How ipuch heavier is sea water than 
the fresh ? 

Fo^iher. About one thirtieth part, which would 
be a guide to the master of a vessel, who waa 
bent upon freighting it as deeply as possible. 

CharleSf In bathing, I have often tried to 
swim, but have not yet been able to accomplish 
the task ; is my body specifically heavier than 
the water ? 

Father. I hppe you will learn to swim, and 
well too ; it may be the means of saving your 
ewQ life, and rescuing others who are in danger 
of drowning : 
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By the bold swimmer in the swift iUapse 

Of accident disastrous. TsoMSOir. 

By some very accurate experiments made hy 
Mr. Robertson, the iate librarian of the Royal 
Society, upon ten different persons, the mean 
specific, gravity* of the human body was found 
to be about one-iiinth less than that of eommoft 
river water. 

Charles. Why then do I sink to tlie bottom ? 
I ought to swim like wood on the surfaces 

Emma. Though you are specifically lighter 
than water, yet it will require some skill to 
throw yourself into such a position as to cause 
you to float like wood. 

Charles.. What is that position? 

Pather. Dr. Franklin recommeqds a person 
to throw himself in a slanting position on his 
back, but his whole body, except the fade, should 
be kept under water. And Thomson describes^ 
a youth swimming, who 
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At each short breathing by his lip repeird, 

With afms and legs accoraing well» be makes^ 

As humour leads^ an easy winding path. Svxxxb. 

Unskilful persons, in the a(;t of attempt! n|( 
this, are apt to plunge about and struggle : by 
this means they take water in at their moutl^ 
and nostrils, which of itself would soon render 
them as heary^ or heavier than the water. 
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Moreover the eoldness of the stream tends to 
contract the body ; perhaps fear has the same 
tendency; all these things put together will 
easily account for a person sinking in the wa* 
^r. 

Emma, But if a dog or cat be thrown into 
the pond they seem as terrified* as I should be 
in a like situation, yet they never fail of making 
their way out by swimming. 

Fafher, Of all land animals, man is, proba- 
bly, the most helpless in this element. The 
brute creation swim naturally, the human race 
must acquire the art by practice. In other ani- 
mals the trunk of the body is large, and their 
extremities small : in man it is the reverse, the 
arms and legs are small in proportion to the 
bulk of the body, but the specific gravity of the 
extremities is greater than that of the trunk, 
consequently it will be more difficult for man to 
Iceep above wat^r than for four-footed animals ; 
besides, the act of swimming seems more natu- 
ral to them than to us, as it corresponds morei 
nearly to their mode of walking and running 
than to ours. 

Charles. I will try the ncjtt tjme I bathe to 
throw myself on my back according to Doctor 
Franklin's directions. 

Father, Do not forget to make your experi- 
ments in water that is not so deep as you are 
high by at least a foot, unless you have an ex- 
perienced person with you : because an unsuo- 
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eessful experiment in this element,' where it is 
but a little out of your depth, may be the last 
you will make.; And neither your m&ter nor I 
can spare you yet 

Charles. I once jumped into a part of tho 
New River which I thought did not appear 
deeper than you say, and I found it was over 
my head, but there were several persons there^ 
who soon put ipe in shallower water. 

Father* It is not so generally known as it 
ought to be, that the depth of a dear stream of 
water is always one-fourth part greatef than it 
appears to be.* 

Charlesi If the river appear ix) be only three 
feet deep, may I reckon upon its being full four 
feet? 

Father. You must estimate it in this manner. 
Remem1)er also that if a person sink slowly in 
water ever so deep, a sipall effort will bring him 
up again, and if he be then able to throw him- 
self on his back, keeping oply his face above 
water, all will be well ;f but if instead of this 
^ be is alarmed, and by struggling throw himself 
so high above the water that his body do^ not 
displace so much of it as is equal to its weight, 

*Tbe reaaon of tlufl deeeption i» expkaaed in our Con*' 
rersations on Optics. See Tot III. ConTermtion IV. 

f It has bi^en asserted lately, in some of our periodical 
works, that if a person fidllng into the water has presence of 
tnmd to lean his bead a fittle backwards, and never Mt Ms 
J^ands above the water, be cannot mik. 
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he will sink with an tccelerated motion : a still 
stronger efibrt^ which ^tfae sense of danger will 
inspire, may bring him up again, but in two or 
three efforts of ih'is kind his strength iaiU^ and 
he sinks to rise no more alive. 

Emma* Is it the upward pressure which 
brings up a person that is at a considerable deptli 
in the water? 

Father. It is : Ihis upward pressure balances 
the weight of water which he sustains, or he 
would be crushed to pieces by it 

Cork an empty bottle ever so well, ^ and with 
weights plunge it down a hundred yards into 
the sea, and the pressure of the water will force 
the cork into the bottle. 
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Of the Siphon. 

Father. This bended tube (Plate in. Fig. 26.) 
is called a Siphon, and it is used to draw off 
water, wine, or other fluids,- from vessels which 
it would be jnconvenient to move from the place 
in which they stand. 
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Charl^. i do not see ho^ it cin dftW llqtioir 
out of any vessel :—^ why is one leg longer than 
the other ? 

Fath^. I wl4I first show you how th^ opera'- 
tion is performed, and then endeatrotir to explain 
the principle. 

I lilt the tube^ s t 6^ witfr wafer, and theif 
placing a fingef on f, and anothei" 6n c, I invert 
the tube,' and infinii&rse the shorter leg ifitoa jar 
of Water ; and havihg taken my fingers away^ 
you see the Water runs over iif a stream. 

Emma. WiH it eontinue to itow over? 

Father. It will till the water hf the tltesefl 
eomes as lowais c, the edge ot the itiphon. 

Charks. Is thia^<^(Ounted for by pressure P 

Father. To the pressor^ or weight of the at- 
mosphere we are indebted for the actioft of th0 
siphon, pumpa, &c. Af pr^s^nt you must taktf 
it for granted that the afr which we breathe^ 
though invisible, has weight, and that the prea^ 
mire, ocdaaioned by it, is equal to about 14 Of 
15 pounds upon every square inch.* The tsat* 
face of this table is equal to about sit M|uftr^' 
feet, or 664 square inches, and thie pressure of" 
the Etmospbere upoti ft is equal to at liffast f 2,0M 
pounds. 

* If any of mf young readers arfe tAilrt11hi|: to ftdhlH thfr 
MserlioB witho^ pffbof/ Ihey mvit be referred to tiie niiil* 
die of the second vohinrfe of U)e8e Pud9gue% for a com* 
plete demonstratiofn of the fact. 
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', Emma. Ubw does the pressure of the air 
cause the wat^ to ruo thrpugh the siphon ? 

t'other. The principle of the siphon is this ; 
ibe two legs are of unequal length, consequent- 
ly the weight of water in the longer leg. is great- 
er than that in the shorter, and therefore will, 
by. its own gravity , run out at c, leaving a va- 
cuum from D to Ey did not the pressure of the 
Atmpisphere on the surface of the water in the 
jar force it up the leg d e^ and thus continually 
supply the place V)f Uie water in n c. 

Charles* But since the pressure of fluids acts 
in all directions, is not the upward pressure of 
the atmosphere againsC c, the mouth of the tube, 
equal tp the downwifrd pressure on the surface 
of the water ? 

Father, The prei^ure of the atmosphere may 
be considered as equal in both cases. But these 
equal pressures are counteracted by the pres- 
sures of the two unequal^ columns of water, b b 
and D c. And since the atmospheric pressure 
is more than sufficient to balance both these co- 
lumns of fluid, that which acts with the lesser 
force, that is, the column d s, will be more 
pressed against p c than d c is against n x at 
the vertex d ; consequently the column d s will 
yield tcr the greater pressure, and flow off 
through ^e orifice c. 

Emma. Would the same thing happen if the 
outer leg i> c were shorter than the other? ,^ 

Father. If d c were broken off at b, eren 
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with the surface of. the water/ ndwatfer^oulit 
run over: 6t if it were broken off aay where* 
lower than b, it would only run away till th^ 
surface of the' fluid descended to a level with .the 
length of the outer tube, because .then the eo«-' 
lumn BE will be no more pressed against o c» 
than D c is ajpinst d £, and cohsequentljr the 
siphon will empty itself; the water in the outer 
leg Will run out at the lowerorifiee, and.tituit in 
the inner will fall back into the jar. . 

Charle9. In decanting a botde 4f wine, are 
you obliged first to fill the siphon with liquor, 

' and then invert it ? ^ 

Father, No : a small pipe is fixed to the outer 
leg of the siphon, by which the air is drawn 
out of it by the mouth, and the short leg being 
idimersed in the wine, the fluid will follow the 
air, and ran out tiU the bottle is empty. 

The siphon is sometimes dtseuised ibr the 
sake of amusing young people. Tantalus's cup 
(Piatd in. Fig 27.) is of this kind. > The longer 
leg of the siphon passes through, and is cew 
mented into^the bottom, of the cup ; if water be 
poured into the cup, so as not to stand as high 
as the bend of the tube, the water will rehiaia 
as tG any coaiinoii vessel ; but if it be raised 
over the bended part of the siphon, it will run 
over and continue to run tilt the vessel is emp*. 
tied. Sometimes a little figure of a man, re- 

^presenting TanUlus, conceals the siphon, so 
that .Tantalus, as in the fable,. stands up to his 



jehin in water, but i» never able to queoch bia 
thirsty for just as H cornea to. a level with hit 
rikiof it runs out through the concealed $iphoQ« 
Mmman Tq thia fable the linea in Pope's Ho* 
iner refer : 

^y^n in the drcUny 9oocb i^freabiiKOt mvea* 

And pin«» witl^ thmt kmi^st a sea of waves ; 

And when the water to his fips applies, 

Hsok ffom hia lips the t?etcherous water fliesw— PofB. 

Father. It ia alluded to also by bur own 
Milton ; 

J ■ n. x and of itself the water fC\t» 

AU tante of living wight, as once it fled 

The Kp of Tfmtahis.— -*-r^iV»r. Loeit Book II 

Thia la another kind of Tantalua'a cup (Plate 
IV. Fig. 38.) but the aiphon ia concealed in the 
luuddle, and when the water in the cup, which 
eommunieatea with the shorter 4eg at i, is raia* 
ed above the bend of the handle^ it runs out 
through the longer leg at f, and ao continues 
till the eup ia empty. This cup is often ntade 
io deceive the unwary, who, by taking it up to 
drinky cause Ihe water, which was, while at 
test, below the bend of the siphon, to run over^ 
and then there is no means of stopping the 
atream till the vessel is etnpty. 

Charles. I have frequently seen at the doora 
of public houses.large hogsheads of spirits in 
earfa or wagona, and persons drawing off the 



iKTfiftMiTTXNa sl^&isros. 113 

contents by means of an instrament like a'si- 
pnoo. 

Father. That is called a distiller's ferane bir 
siphon. B (Plate iv. Fig. 2d.) represents one 
of these barrels with the crane at work frotn 
the bung-hole n. The longer leg mriB about 
three feet long, with a stop-cock near the mid'* 
die, which must be shut, and then the shorter 
leg is immersed in the liquor. 

Emma. Is the air in the short leg forced into 
the other by the upward pressure* of the fluid? 

Father. It is, and the eoek being shut it can* 
not escape, but will be very much condensed. 
If then the cock be suddenly opened, the ^con- 
densed air will rush out, and the pressure of the 
air on tbie liquor in the vessel will force it over 
the bend of Uie siphon,' and cause it to flow off 
in a stream, as the figure represents. If, how* 
ever, the barrel be not full, or nearly so, then 
it is necessary to draw the air out of the si- 
phon, by means of a small tube, a i, fixed to it* 

By the principle of the siphon we are ena^ 
bled to explain the nature of intermitting springs. 

Emma. What are these. Papa? 

Father. They are springs, or rather streams, 
that flow periodleally. A figure will give % 
clearer idiea of the subject than many '"words 
without G F c (Plate rv. Fig. 90.) represent 
a cavity in the bowels of a hill, or mountain, 
from the bottom of which c, proceeds the irrer 
gular cavity c e b^ forming a sort of nalurai 
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•tphon. Now, as this cavity fills, by means of 
rain or snow draining through the pores' of 
the ground, the water will gcadaally rise in 
the leg c K, till it has attained the horissontal 
ierel A A, when it will begin to flow through the 
leg K D, and continue to increase in the quan* 
tity discharged as the water rises higher, till a 
fttl} stream is sent forth, iftid then, by the prin* 
ciple of the siphon, it must continue to flow till 
the water*siQk to the level i i, when the air will 
rush into the 'Siphon, and stop its motion. 

Charles. And being once brought so low, it 
cannot run over again till the cavity is full of 
water, or, at leasts up to the level h A, which, 
lu. it is ouiy supplied by the draining of the 
water through the ground, must take a con* 
sidenible length of tihie : is that the reason why 
they are called intermitting springs ? 

Father. It ist Mr. Clare, in his treatise 
^<0n the Motion of Fluids," illustrates this 
subject by referring to a pond at Gravesend, 
(sut of which the water ebbs all the time the tide 
is coming into the adjacent river, and runs in 
while the tide is going out Another instance 
mentioned by the same author is a spring in 
Perbyshira, oalled the Wedding-well, which, at 
certain seasons, issues forth a strong streaaa^ 
whhr a singing noise, for about three minutes^ 
and then stops again. At jLambouro, in Berk*i> 
shire, there is a brook which in summer earriec 
down a stream o£ water sufSaieat to torn it miU i 
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but duriog the winter there is scarcelj any cur^ 
rent at alK 

In intermitting springs (he perii>dical returns 
(tf the flowing and cessation will be regular, if 
the filling of the reservoir be so ; but the inter- 
val ,of the returns inust4epend on the quantity 
of water furnished by the springs* 



CONVERSATION XIX. 



Of the PIfet'sBeU. 

Father. Take this ale*glass, and thrust it 
with the mouth downwards into a glass jar of 
water, and you will peroei?e that but very Uttle 
water will enter into it 

Charka. The water does not rise in it more 
than about a quarter of an inch ; if I pn^p&Af 
understand the subjecti the air^ which filled the 
glass before it was put in water, is now com- 
pressed i%to the smaller qiace; and it is this 
body of air that prevents more water from get- 
ting into the glass. 

Father.^ That is the reason : for if you tiHthe 
glass a little on. one side, a part of the air .will 



/ 
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etcape in. the form of a babble, and thea the 
water will rise higher in the glass. 

Upon this simple principle^ maohines have 
been invented, by whieh people have been able 
to walk about at the bottom of the sea, with as 
much safety as upon the surface of the earth. 
The original machine of this kind was much 
improved by Dr. Halley, more than a century 
^0 : it was called the Diver's Bell. 

Charles. Was it made in the shape of a bell ? 

Father. It was; and as* great strength was 
required to resist the pressure of the water, he 
caused it to be made of copper : this (Plate iv. 
Fig. 31.) is a representation of it The diame- 
ter of the bottom was five feet, that of the top 
three feet, and it was eight feet high : to make 
the vessel sink vertically in water, the bottom 
was loaded with a quantity of leaden balls. 

Emma. It was as large as a good sized closet ; 
but how did he contrive to get light? 

Father. Light was let into the bell by means 
of strong spherical glasses, fixed in the top of 
the machine. They are thus described by Dr. 
Darwin : 



^Lo! Britain's sons ahaU guide 



Huge tea-balloons beneath the tossing tide i 

The iffvtn^ castle% rooTd with sphene gbss, 

Ribb'd with strong oaky and barr'd with bolts of brass. 

BoTAVio QABnur. 

Charles. How are the divers supplied with 
«ir ? 



r 

,Fuih»r* Qarrels, fitted wiUi fresh air^ were 
made sufficiently heavy^ and sent dawn; isueh 
aa that represented by c"; firom which a lea- 
thern pipe eommiini^ed with the inside of the 
belly and a stop^eock at the nmer part of the 
b^II let out the foul air. Br. DarwiHf in the 
spirit of prophecy r aoticipates the tiine when 
these machines will be sent upon voyages of 
discoveryi and says. 

Then shall Bbita^za rule the wealthy re^isi^ 
Which Oceania wide, hisatiate yrv^t o'erwhe]iiD« \ 
Covifine ID netted bowers his scaly flocks. 
Fart bis blue plMn% and |>edple u) 1^ rot^si 

BeTASifl 



JSimmQ. The little men seem to sit very eon*' 
tentedly under the bell, yet I do not think I 
diould lik^ a journey wjth them. 

Fafher, Pierhq)s not ; but the principal iQ» 
convenience which divers experjenee arises from 
ti^e condensation of t;he air in tiie bell, which 
though in the ale-^glaw was very trifling yet at 
considerable de|Hhs in the sea ie very great, 
and prodtiees a disagreeable pressure upon all 
parts of the body, but more partieularly io their 
^m9 e* if quilla were thrust into them. This 
sei^satim) : does not last long, for the air pressing 
through the pores of the skiq, soon becomes as 
dense within their bodies a9 withoyt, when' th^ 
fsense of pressure ceases, 
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Emma. They might bU^ their em with 
cottoil* 

Father, One of them onoe Iheught himself m 
cunning a» you, and for the want of cotton he 
ehewed some paper, and stufifed into his ears; 
as the belt descended^ the paper was forcibly 
pressed into the carities, and it wfs with great 
difficulty and some dan^r, ^at it was extract^* 
ed by a surgeon. 

Charlta. Are divers able to remain long un- 
der water. 

Father, Yes: wh^n all things are properly 
arranged, if business require it, they will stay 
several hours without the smallest difficulty. 

Emma. But how do they set up again ? 
, Father. They are generally let down from 
on board ship, and taking a rope with them, to 
which is fixed a bell is the vessel, they hav^ 
only to pull the string, and the people in the 
•hip draw them up. . . 

C harks. What does the figure fi represent? 

Father. A man detached from the bell, with 
a kind of inverted ba^et made of lead, in 
which is fixed another flexible leathern pipe, to 
give him fresh air from the bell as often as he 
may find it necessary. By this method a man 
may walk to the distance of 80 or 100 yards 
from the machine. 

Emma. It is to be hoped his comrades will 
not forget to supply him with air. 

Father. It his head is a little above that part 
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of the bell to which the pipe oommanieatest he 
can by meaos of a»stop-coc^ assist himself as 
ofteo as he requires a new supply ; and that man 
is always best helped who can help himsel£ 

Charles. I dare say that is a right principle ; 
in the present case, I am sure, it WQuld be ex- 
ceedingly wrong to .depend on another for thai 
which might be done )^y one'a self. Has Ihe 
Diver's Bell been ajqilied to any very useful 
puiposes? 

Father. By means of this invention^ a great 
number of vsJuable comm9dities have been re- 
covered from wrecks of ships^ though at great 
depths in the s^a. 



CONVERSATION XX. 



or the IMver's Bell. 

Father, You see how, by this contrivance, the 
parts of wrecked vessels and their careoes are 
saved from the devouring ocean ; and by what 
means people are enabled to pursue the business 
ef pearl and coral fishing. 

Emma. Have there been no accidents attend- 
ing this business ? 



Father. There are very few professions, bow- 
ever simple, theexerciSe of which, dther through 
eareleftsness or inattention, is not attended with 
clanger. The diving-bell proved fatal to Mr. 
Spalding ahd an assistant^ who went down to 
view the wreck of the Imperial East-Indiaman, 
aear Ireland. 'They had been <lown twice, bnt 
on descending the third time t^ey remained 
about an hour under water, and had two bar- 
rels of air sent down to them, but the signalt 
from below not being again repeated, after a 
certain time they were drawn up by their as* 

^ ststantSy and both foand dead in the bell. This 
accident happened by the twisting of some ropes, 
which prevented the unfortunate sufferers from 
announcing their wanta to their companions in 
the ship.—- Mr. Day also perished at Plymouth, 
in a diving-bell of his own construction, in 
which he was to have continued, fbr a wager, 
twelve hours, one hundred feet deep in water. 
To these Dr. Darwin alludes | when speaking 

, of the sea, he says, 

Mingling in deaUi the brave aiid good behold^ 
WitE ilarei to j^lorjr^ and with tlavcs ta gold, 
Shrin'd in the deep shafl Day and S^ALinzfe rnourn^ 
Each in his treacheroos beH, sepulcbral arn f 

Bof'me GaBDsir. 

Charles. Did these accidents pot an end to 
the experiments? 
Faiher, No : but they have led to improve^ 
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ments in the structure ^nd .use of the machine* 
Mr. Smeaton very successfuHy made use of a 
square cast iron chesi (Plate iv. Fig. 32.) the 
weight of which^ SO cwt,, was heavy enough to 
sink itself. It was 4i feet in height, the same 
number of feet in length, and 3 feet wide, and 
of course afforded sufBcient room for two men 
to work under it at a tiine. 

Emma. What Sre those round tfaiogB at the 

Fdtier. They are four strong pieces of glass 
to admit the light. The great advantage which 
this had above Dr. Halley's bell, ^as, that the 
divers were supplied with a constant iniux of 
air, without any attention of their own, by 
means of a forcing air-pump^ vrtxr^ed in a boat 
upon the water's surface. ^ 

Charles. That is not represented in the platie. 

Father. Look to the next figure, (Platte iv. 
Fig. 33.) which is a diving machine of a differ- 
ent oooslruction, invented by the very ingenious 
luul truly respectable lecturer, Mr. Adam Walk* 
er,** by whose leave I am enabled to copy the 
fifpve. 

'Riis machine is of the shape of a conical tub, 
imt little more than one-third ^B large af Mr. 
Smeirton^^. The bails at the bottom are lead, 
sufficiently heavy to make it sink of itself: 
a bended metal tube, a b t,is ettached to tfah 

* See Walfcerf 8 System of K'tCural Pfailosopby* % voU. 4l» 
vol.. II. — h 
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outside of a machine with a stop-cock a, and a 
flexible leathern tube to the other end c; this, 
tube is connected willi a forcing air-pun^p df 
which abundantly supplies the diver with fresh 
air. 

Emma. Can he move about with the machine ? 

Father. Most readily ; for the pressure of the 
water being equal on all sides, he meets with 
very little resistance; and the ropes and leathern 
tube being flexible, he can, with the machine 
over his head, walk about several yards, in a 
perpendicular posture : and thus having a more 
ready access to pieces of the< wreck than in a 
cumbrous bell^ he can easily fasten ropes to 
them, and perform any sort of business qearly 
as well as on dry lanct Mr, Walker says, that 
the greatest part of the wreck saved from the 
rich ship Belgioso, was taken up by means of 
his bell. The following anecdote, given by this 
gentleman, will entertain my young readers. 

^< As the diver had plenty of air to spare, he 
thought Ibl candle might be supported in the beU^ 
and he could descend by night He made the 
experiment, and presently found himself 9ur- 
rounded by fish, some' very large, and many 
sjich as he had never seen before. They sports* 
ed about the bell, and smelt at his legs ad they 
hung in the water: this rather alarmed him, 
for he Was not sure but some of the larger mi^ 
take a fancy to him ; he therefore rang his bell 
to be taken up, and the, fish accompanied him 
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with much good nature to the surface. V^-To 
a scene not very unlike this, Dt. Darwin refers 
in the spirit of prophecy, when, 

Onward, through bright meand'rtng vales, afar« 
Obedient sharks shall trail her speptred car, 
With hamess'd necks the pearly flood disturb, 
Stretoh the silk isein, and champ the silver ctlrb : 
pleas'd round her triumph wond'ring Tritons play. 
And sea-maids hail her on the wat'ry way* 

BoTAHic Gjkiij>sir. - 



CONVERSATION XXI. 



Of Pumps. 

* ■ . - • 

Father, Here is a glass model of a common 
pump, (Plate iv. Fig« S4.) which acts by the 
pipessure of the atmosphere on the surface of the 
water in which it is placed. . 

Emma. Js this like the pump below stairs? 

Father, The principle is exactly^ the same : 
a represents a ring of wood or metal, with plia- 
ble leather fastened round it to. fit the cylinder 
jL, Over the whole is a yalve of metal covered 
with leather, of which a part serves as a hinge 
for the yalve to open and shut by. 
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CTiarks. What is a valve, Silr? 

Father. It lAkf be described as a kind of lid 
or trap-door, that opens one way into a tube, 
but which, the more forcibly it is pressed the 
other way, the closer the aperture is shut: so 
that it either admits the entrance of a fluid into 
the tube, and prevents its return ; or permits it 
to escape,^ and prevents its re-entrance. 

Attend now to the figure: the handle and rod 
r end in a fork ^, which passes through the pis- 
ton, and is screwed fast to it on the under side. 
Below this, and over a tube of a smaller bore, 
at Zj is another valve v opening upward, which 
admits the water to flow up, but not to run 
down. 

Emma. That valve is open now, by which we 
see the size of the low^r tube, but I do not per- 
ceive the upper valve. 

Father. It is supposed to be shut, and in this 
situation the piston a is drawn up, and being 
air-tight, the column of air on its tdp id re- 
m<lved, and ooniiequently leaves a vacuum in 
the part of the cylinder between the piston and 
lower valve. 

£mmu. I now see the reason of lifting up the 
|)ump-hati^le : because the piston tiieti goes 
down to the lower valve, and by its ascent af* 
terwards the vacuum is produced. 

Father^ And the closer tiie piston is to the 
lower valve, the more perfect will be the va* 
cqun?. 



You know there is a pressure of the air pn 
aU bodies on or near the surface of the earth, 
equal to about 14 or 15 pounds on every square 
inch : this pressure upon the water in tUe well, 
.into which the lower end of the pump is fixed, 
forces the water into the tube z above its level 
as high as /• 

. Charles. What becomes of the air* that was 
in that part of the tube ? 

Father^ You shall see the operation ; I put 
the model into a dish of water which now stands 
ttt.a level in the. tube x, with the watei: in the 
dish. I draw up the piston a^ .which causes a 
vacuum in the cylinder a. 

Emma. But the valve t^ opens, and now the 
water has risen as high as /• 

Father. Because When the air was taken out 
of the cylinder a, there was no pressure upon 
the valve v to balance that beneath it, eonse* 
quently the air in the tube z opens its valve v, 
and part of it rushed into a. But as soon as 
part of the air had left the tube r, the pressure 
of the atmosphere upon the water in^the dish 
was greater than ithat of the air in the tube^ and 
therefore by the excete of pressure the water is 
driven into it as high as /. 

Charles. The valve v is again shut 

Father. That is because the air is diffused 
^equally between' the level of the water at / and 
the piston a, and therefore the pressures ov^r 
and under the vahre are equal. And the reason 
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that the water riaea no higher than I i$^ that 
the air in that apace ia not equally diffuaed, 
but ia of the aame denaity aa the air without. 
Puah down the piaton a again. 
' Emma. 1 aaw the valve in the piaton open. 

Father. For the air between the piaton and 
valve V could not eacape by any other meana 
than by lifting up the valve in a. I will draw - 
up the piston. 

Charles, l^e water haa risen now above the 
valve V as high as m. 

Father. I dare say you can. tell the cause of 
this. . 

Charles. It is this: by lifting up the piston, 
the air that was between / and the valve v 
rushed into a, and the external pressure of the 
atmosphere forced the water after it 

Father. And now that portion of air remains 
between the aurface of the water m and the pis- 
ton. The next time the piston is forced down, 
all the air must escape, the water will get above 
the valve in the piston, and in raiaing it up 
again, it will be thrown out of the apout. 

Emma. Will the act of throwing that out 
open the lower valve again, and bring in the 
fipesh supply ? 

Father. Yes : every time the piston is ele- 
vated, the lower valve riaes, and the upper valve 
falls ; but every time the piston is depressed, 
the lower valve, falls, and the cq>per one rises. . 

Emma. This method of raising water is act 
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-simple and easy, that I wonder peopk ^hoold 
take the trouble of drawing Water ap from deep 
' wells, when it might be obtained so much easier 
by a pump. 

Father^ I was going to tell you, that the ae- 
tion of pomps, so foeautitul and simple^ as it is, 
is very limited in its operation. If the water 
in the well betnore than 32 or 33 feet from the 
valve v, you may pump for ever,. but without 
jany effect. 

Q harks. That ^eems strange : b^t why 33 feet 
in particular? 

Father, I have already told you that it is the 
weight of the atmosphere which forces the water 
into the vacuum of the pump : now if this weight 
were unlimited^ the action of the pump would 
be so likewise ; but the weight of the atmo- 
sphere is only about 14 or 15 pounds on every 
square inch ; and a column of wat^, of about 
S3 feet In height, and whose surface is one 
square inch, weighs also 1*4 or 15 pounds. 

Charles^ TKen the weight of the atmosphere 
would balance or keep in equilibrio only a co* 
lumn of water of 33 feet high, and consequently 
could not support a greater column of water, 
much less have power to raise it op. 

Emma. A pump, then, would be of no use in 
the deep wells which we saw near the coast in 
Kent 

Father.' None at all ; t^ie pistpa of a pump 
abould never be let to work more than d9 feet 



s 
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above the water^ because at some period the 
pressure of; the atino9phek*e is so much less than 
at others, that a column of water, something 
more than 28 feet, will be equal to the weight of 

You cannot better fix in your mind the prih- 
cipie and action of the pump, than by commit* 
ting to your memory Dr. Darwin's beautiful 
description of it : 

NTXFHst You firat tauffht to pieree the secret cavta- 
Of buitiid eartb, and Kit her pond'rous waves $ 
Bade with quick stroke the sliding piston bear 
The viewless ccdumns of incumbent air ;^- . 
Press'd by the incumbent ait, the floods below 
Tl](rough opening valves in foaming torrents flow ; 
Fobt after toot witl» lessen'd impu^ move, 
Afid^ risings seek the vacancy above. 

BoTAjiic GABnsir, 



CONVERSATION XXIt 



of the Forcing<pump^rir^-en£^ne«-«R0pe-pymp«**-and 

Water-press. 

Charles. Why is this called the forcing-pump h 
(PUteiv. Fig. 35.) y 

Father. Because it tiot only n^s the water 
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into tKe barrel like the comHion pumpy bat af- 
terwards forces it up into the reservoir k k. 

Emma. How is that operatiOD performedi 
Papa? 

Father. The pipe and barrel are the same as 
in the other pump, but the piston o has no valve ; 
it IS solid and heavy » and made air-tight, so that 
mo water c^n get above it 

C harks. Does the water come up through 
the valve ^9 as it did in the I^st? 

Father* By raising up the piston, or, as it is 
gei)erally called, the plangef, a, a vacuum is 
made in the lower jmrl of the barrel^ into/^hicl^ 
by the pressure of the air, the water rushes from 
the well, as you shall see. ' 

Emma, And the valve is shut down. 

Father, The wAter not being abki to g^ back 
again, and being a fluid that is nearly incom- 
pressible, when the plunger is forced down, it 
escapes along the pipe Hf and through the valve 
b, into the vessel it. , 

Charles. Though the water ^nds no higher 
than A, yet it flows through the pipe 9 ta some 
height ^ 

Father , The pipe f t is fixed at the top of 
tiiie vessel, and is made airtight, so that iio air 
can escape out of it .after the Water. is higher 
than t, the edge of the pipe. 

Emma. Then the whole quantity of air which 
occupied the space f by is compressed into the 
smaller spac6 A f. 
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Father > You u^ right, and therefore the ex* 
tra pressure on the water in the vessel forces it 
through the pipe, as you see. 

Charles* And the greater the condensation, 
that is, the more water you force into the vessel 
X, the higher the stream will mount . 

Father, Certainly : for the forcing^pump dif* 
. fers from the last in this respect, that there is 
no limit ta the altitude to which water may be 
thrown, since the air may be condensed to al- 
most any degree. 

The water^works at London-bridge, alluded 
to p. 58, exhibit a most dUrious engine, con- 
structed upon the principle of the forcing-pump : 
the wheel* work is so contrived as to move either 
way as the water runs : by these works, one 
hundred and forty thousand hogsheads of water 
are raised every day* 

Emma. Is there any rule to calculate the 
height to which an engine will throw water ? 

Father. If the air's condensation be double 
that 4if the atmosphere, iti^ pressure will raise 
watep thirty -three feet ; if the condensation be 
increased* ^ree-fold, the water will reach sixtp> 
six feet ; and so on, allowing the addition of 
thirty-three feet in height for every increase of 
one to the number that expressed the air's con** 
densation. 

Charles. Are fire-engines made in this man- 
lier? 

Father. They are all constructed on the same 
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prineiple, but there are two barrels by which 
the watier is alternately driven into the air-ves* 
sela : by this meaas^ the condensation is much 
greater; the water rushes out in a continued 
stream, and with such yeloeityy tliat a raging 
fire is rathet^ dashed out th^n extinguished by 
it, whidi is well described in the Botanic Gar» 
den: ^ 

■ ■ ■ ' 

Ktxphs ! Toa first taught the gelid wave to rise, 
Huri'd in resplendent arches to the skies; 
In iron eeHs condens'd the aiiy spring* 
And iflipM the torrent with unfwling wing. 
*-0n the fierce flames the shower impetuous faHs, 
And sudden darl^neas shrouds the shiitter'd walls; 
Steam, smoke^ and dust, in blended volumes roll» 
And night and silence re-possess the Pole. 

V Oflffden-iengines are also constructed on a 
principle similar to that which we hare been 
describing. 

This figure (Plate ir. Fig. 36.) is the repre- 
sentation of a metilod pf raising water from 
wells of considerable depth. 

' £fnma. Is it ajnore convenient method than 
the wheel and axis ? • 

Father. The wheel and axis are adapted 
merdy to. draw up water by buckets : whereas 
the rope*-pump is intended to Iktow water into 
a resenrptr to almost any hei^t It consists 
of three hair rppes passing over the pulleys a 
and By which have three grooves in each. The 
lower pulley b is immersed in the water# in 



which it is kept suspended by a weight x. The 
pulleys are turned round with great velocity 
by multiplying wfaeelis, and the cords in their 
ascent carry up a considerable quantity of water» 
which they discharge into ihe box or resenroir 
Zf from whence by pipes it may be conveydd 
elsewhere. The ropes must not be more than 
about an inch apart. 

Emma. What is the reason of that. Papa ? 

Father, Because, in that case, a sort of co* 
lumn of water will ascend between the ropes, 
to which it adheres by the pressure of the at« 
tnosphere. 

Charles. Ought not this column in its ascent 
to fall back by its own gravity ? 

Father. And so it would, did not the great 
velocity of the ropes occasion a considorable 
rarefaction of the air near, them, consequently 
the adjacent parts of the atmosphere pressing 
towards the vacuity^ tend to support the Water. 

Emma. Can any considerable quantity of 
water be raised in this way ? 

Faiher. At Windsor, a punp of this kind will 
raise, by the efforts of one man, about; Bitie gaU 
fens of water in a .miniite, from a well ninety*- 
five feet deep. In the heginiting of motion, fte 
column of water adhering to the rope is alw^v 
less than when it has been worked for some 
tinfte, and the quantity eeiilinnes to Inerease 
titl Uie eqrreunding mv pu^take of its motion. 
Vhei^ is also another of these pumps. at the 
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dame placei which rsises iffater from the well in 
the roand tow^^ one hnndred and seventy-eight 
feet in depth* 

Charles. Ton told us Some time ago, that 
when we had seen tiie nature and understood 
the construction of valTcs, you would explain 
the action of the water-press. 

Father. This is a good time for the purpose, 
and with it I shall conclude oilr hydrostatical 
eonversations. 

You must turn back to the second Plate, (Fig. 
14.^ is a strong cast-iron cylinder, ground 
very accurately within, that tl:^ piston e may 
fit exceedingly close and well. I heed scarcely 
tell you, that the littlevfigure represents a forc- 
ing-pump, with k solid plunge c, and a yalve n 
that opens upwards, dirough which the water is 
brought into the pipe n o. By bringing dojivA 
the plunger c, the water in n o is forced through 
the valve or, into the bottom of the cylinder, 
and thereby drives up the jdunger e. 

CharltB. What does^ n^ represent ? 

Father. A bundle of hay, or bag of cotton, or 
aay other substance that it may be desirable to 
bring into a compass twenty or thirty times less 
than it generally occupies. 

Emma. I see now the whole operation : the 
more water there is forced into n o, the higher 
the plunger is lifted up, by which the substance 
m is brought into a smaller qpace. 

Father. Every time tiie handle s is lifted up, 
voi. n.— K 
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the water rushes in frcmi the well or cistern,, 
and when it' is brought down, the water must be 
forced into the cylinders The power of this 
engine is only limited, by the strength of the 
materials of which it is OMde, and by the force, 
applied to itr \ - 

Mr. Walker say% a single man working at 
s, can^ by a machine of this kind^ bring hay, 
cotton, &c. into twenty times less compass than 
it was before; consequently a Vessel carrying 
light goods mav be- made to eontain twenty 
times mpre packages by means of the water* 
press than it could without its assistance. 
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CONVERSATION XXIIL 



OF THE KATUBB OF AIR. 



FAT|IER-<;0A]|LES— EMMA. 

FJiTHEB. That branch of natpral philoso- 
phy which is called Pneumatics^ treats of the 
natarei weight, {H'c^ure, and spring oC the air 
which we breathe, andW the severa effects de- 
pendent upon these properties. 

Charles. You told us a few days ago, that the 
air, thourii to us. invisiUe, is a fluid : but it 
surely dimrs very much from those fluids which 
you conversed upon when treating of hydrosta* 
tics. 

Father. It does ioi btit recollect the terms 
by which we d^oed a fluid. 

Charles. You disttneuisbed a fluid as a body, 
ihe parts of which yield to the least pressure: 

Father. The air, in which we live liqd mov«, 
will answer to this defitiition ; since we are con*-' 
flnually immersed in it, as fish are in the Wa- 

v9 
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ter ; if the parts did not yield to the least force, 
we should be constantly reminded of its pre- 
senee by the resistance made to our bodies; 
whereas persons unaecuslomed to think on these 
subjects, are not even aware that they are sur- 
rounded with a fluid, the weight and pressure 
of which, if not counterbalanced by some other 
power, would instantly crush the human frame. 
Emma. In a stilly calm day, such as the pre- 
sent is, when one can scarcely discern a single 
leaf in motion, it is difficult to conceive of the 
existence of such a fluid ; but when 



-down at once 



Prtfcipitanty descends a min j^led mass 

Of roatifig wind% and iattci^ and niiUiifirftooda, 

Taoxsoji^i Sumnu 

m 

no ^ubt can remain a| to the existence of some 
mighty unseen power. 

Pharles. By this quofation, Emma, you takb 
it for granted that the air and the winds are the 
sanle; 

Father. This. is really the fret, as we shall 
prove on a future day. 

Chark»^ But I am not quite satisfied that the 
air is such a bpdy as yeu hav^ described* 

Father. I do fiot wish to proceed i^ single 
step till I ha?e.made your miad easy upon this 
bead.-^Yoa see how easily those gpld «ad silver 
fish move in the water; can you explain the 
reason of it? 
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efutrU^. Is it not b; the exeriioti of thek 
fins? 

Father. A fish swims by the help of bis fins 
and tail ; aad fish in general are nearly of the 
same specific gravity with water. Take away 
the water from the vessel,, and the fish would 
still have the Qse of their fins and tail^ at Jea^t 
for a short period. 

Emma, And they w^Id flounder about at 
the bottom* 

Father. Now consider the caae. of birds, how 
they flv; the awallow, for instance, glides its 
amoothly along in theair, as fish do in th$ wa- 
ter : but if I were to put a bird, or even a but* 
terfly, under, a glass receiver, however large, 
and take away the air, they wouklhave no 
more use of their win^, than fish have of their 
fina when out of water. You shall see th^ ei&- 
petiment in a day or two4 



-If this support 



Were wanting^, all the feathered tribes must drop 
TbettsefessTOg. EiJMSUf.'. 

Emma, And would thfiy die in this situation, 
as fiah 4ie when taken from their natural ele- 
ment^ the water? 

Father. The e»ses are preeiaely similar t some 
&d), as the carp* the eel» and almost alt kinds 
of sh^l-fish} will live a ooneuleraUe 4;ime out of 
water ; so some ereatares» wbiek de|^^ upea 
air for existence, will live a long time in an^ ex* 
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liaostedTeoeiFer; a huiierij, for inaCance^ will 
. fidl to the bottom a^^rently lifeless, bat admit 
the air anan into the receiver, and it will re* 
vlvt ; w^iereaa ^xperiroents have been nade oo 
miee, rat«, birds, rabbits, &c. and it Is ftmad 
tiiat they will live without air but a v^ few 
minutes. • 

Emma, These are very eniel experiments. 

Faiher. And ought by no means to be id- 
dulj;e4 in ; they can 6n|y be justified upon the 
presumption, that in the hai^s, and under the 
directijm pf able philosophers, they may lead to 
dispoverteji of importance to the health and 
hiappiness of the human race. 
' Vharfes. Can fish live in water from which 
the air is wholly excluded ? ^ 

Father. The air is, in fact, as nejcessary ^ 
their existence as it is to ours. B^des their 
* ^s, jflsh have the use of an air-Tessel, which 
givep them t^\i i^pmipsod pf their various mo- 
tiona in pill 4^pth|i of water, which t))eir fina 
ivi^out it would not be equal to. 

pmma^ Whajt do ypu mean by an air-vessel ? 

Father. It is a sHuill bladder of air, so dis- 
posed within them, that, by the assistance of 
^eir muscles, they are able to contract and 
dilate it at pleasure* By contr^etion they be- 
eonie specifically heavier than the water, and 
sink ; by dilatation they are lighter, and rise , 
f» the surface more r^ily. 



Charks, Are these operations effected by the 
«xlernal air? 

Father.^ Very much §0 ; for if you take away 
the air fmhs^ the water in which a fish is swim* 
ming^ it will no longer have the power of con- 
traoting the air-vessel within^ which will then 
become so expanded as to keep it necessarily 
on the surface of the water, evidently to its 
great incpnvenience and pain« 



CONVERSATION XXIV. 



Of the Air-PaiDp. 

Emma. You have told us. Papa, of taking 
away the air from vessels ; will you show U9 
how that is performed ? 

Father. I will ; and I believe it will be the 
mo9t convincing method of proving to you that 
the air is such a body as I have described. ^ 

This instrument (Plate V. Fig. 1.) is called 
an air-pump, and its use is to exhaust or draw 
away the air fr^m any vessel, as the glass re* 
ceiver l k. 

Charles. Does it act like the common pump? 



Father i So much sa, that if you comin^hend 
the nature and structure of the one, jroo wiil 
find but little difficulty in understf^nclinp; the 
other. I will) however, describe the different 
parts. A A are two strong brass banrels, wilkin 
each of which, at the bottomi, i« fixed a indve, 
ppening upwards; ^hese valves communicate 
with ^ concealed pipe that leads to x. The bar. 
rels include also moveable pistons^ with valv«s 
pQsning upwards.* 

Emma, How are they moved ? 

Father. To the upper parts of the pistons i» 
attached rack-work, part of which you see at 
.cc; these racks are moved up and down by 
means of a little cog-wheel, turned round by the 
haodlex.' 

bharks. You turn the handle but half way 
round. 

Father. And 4)y^ so doinc, you perceive that 
^e of the racka rises, and the otlier descends. 
' Emma. What is the use of the screw rt 

Father. It serves to re-^admit air into the re« 
ceiver when it is in a state of es:haustion : for 
without such a iCont^ivahee, the receiver could 
never be moved out .<^ its place, after the ait- 
was once taken from beneath it. But you shall 
-try for yourselves. I first place a slip of wet 

* The reader is supposed to luive attended to Xhfi stroi;- 
inre of the comnKm pi^p^ described in Hj^drast^tics. 
Conireiwdoyi 3^^. 



leather ulider the edffe of the receiTer, because 
the braw plate is liable to be scratched^ and the 
moallest uneveaiiess between the receiver and 
plate would prevent the success of our experi- 
meat — I have turned the handle but a few times ^ 
try to take away the receiver; 
. Charles. I cannot move it^ 

Father. 1 dare s^y not i for" noW the gt^Usr 
part 6f the air is taken from under the receiver^ 
consequently it is pressed down with^the weight 
of the atmosphere on the outside. 

Emma. Pray explain how die air was taken 

awav. 

rather. By ti>rnio§ the winch m half way 
roundi I raise one of Uie pistons, and thereby 
leave a vacuum in the Ibrwer part of the banrely 
and a portion of the air in the receiter rufeddes 
throuch the pipe into the empty barrel. I then 
turned the win^h the- othier way, which raised 
the Qth&r pistoir, and a VacfucTm wduld be left in 
^at bairel, did not another portion of air rush 
from the receiver into it 

Charki. When the first piston descended, 4id 
the air in the barrel open the little valve> and 
escape by the rack 0? . 

Father. Itdid: and by the alternate work* 
ing of the pistdfns, so much of the air is taken 
away, that the quantity left has not forc^enough 
to raise the valve. 

V Charles. Cannot yoa take idl the air fivtt Ihe 
tsceiver? 
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JPiaiheK Not by mdans of- Ae air-pump. 

JSmtna. What is the^ reaaoit that a mist comes 
«D the inside of the glass receiver while the air 
is exhaostinff ? 

Father, ft is explained by the sadden expan- 
sion of the air that is left in the receiver, which 
we shall notice more particularly in our conver- 
itotiona on Chemistpy. The fact is described, 
as well as the general operations of the air-pump, 
by Dr, Darwin. 



1 ■■ H ow, as in bmzen pumps the pistons move. 
The membrane Talve sostuBs the weight abofve, 
Stioke follows stroke* the galid vftiMmr &!]% 
And mis^ dew<drops (Um Uie crystal walls i 
Rare and more rare expands the duid thin. 
And silence dwells with vacancy within. 

BoTjurie GAmasir. 



' The last line alludes to a iact here^ifter to be 
explained,* namely, that where there ii no air, 
there can be no sound. 

Charles. You have not told us the use of the 
amaller^receiver w, with the bottle of quicksiU 
ver within it 

Father. By means of the concealed pipe there 
is a communication between this and the large 
receiver, and the whole is intended to show to 
what degree the air in the large receiver is ex- 
hausted. It is called the small barometer-gauge, 
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th^ meahiog of which you will betted uiHief^ 
Vtand when the structore of the barometer m 
explained.-"— I wtH notv- ^ow yoU an experiment 
or two, by which the reaiatanee of the air is 
clearly demonstrated. 

Emma. Are these mltls (Plate ir. Fig. 0.) for 
the purpose? 

Eather. Yea, they are : the machine eohsisis 
bf two seta of vanes, a and i, made eqndly, and 
to move on their axes with the same freedbm. 

Charles, But the vanes of a are placed edge- 
ways, and those of b are breadthways. 

JPaMsr. They are so placed to exhibit in a 
striking manner the resistance of the atmo<* 
sphere ; for as the Httle mill a tchrns, it is re^* 
sisted only in a small degree, and will go round 
ft mudi longer time than the other, which, in 
its revolutions, meets tlie air with ^ whole sur> 
face. By means of the spring c resting against 
^e slider d in each mill, tl^ vanes are. &ept 
fixed. 

Smfna. ShalT t push down the sliiers ? 

Father. *Do so : you see tfiatboth aet off with 
equal relocitres. 

Charks. The mill h is evidentfy declrhinff in 
swiftness, while flte other goes on as quick as 
ever. 

Father: Not quite so : for in a few minutes 
you will find them both at rest ; 

Now we wilt place them under tbe receirer 
of tfie air-pump, and by n^Uttle contrivance we ^ 
. yox.. n.— w , • ' 2 
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shall be able to set the mills a going after ibe 
air is exhausted from the receiver ; and then, 
as there is no sensible resistance against them, 
they >will both move round a consideFable.time 
longer than, they did in the open air^ and the 
instant that one stops, the other will stop also. 

JSmma. This experiment clearly shows the 
resisting pow;er of the air. . 

Father, It shows also that its resistance is in 
proportion to the surface opposed io it : for the 
yane which met and divided the air by the edge 
only, continued to more the longest, while they 
were both exposed to it ; but when that was re- 
moyedy they both stop together, because there 
is nothing now to retard their, motion, but the 
friction on the pivots, which is the same in both 
cases. Take this guinea and a feather ; let 
them both drop from your hand at the same 
instant 

Charles.' The guinea is soon at rest at my 
feet, but the feather continues floating about 
Is the feather specifically lighter than air ? 

Father., No : for if it were, it WQuld ascen^ 
till it found the air ho heavier than itself; wheror 
as, in a minute or two, you wjU see the feather 
on the floor as well as the guinea : it is how- 
ever so light, and presents so large a Surface to 
the air, in comparison to its weight, that it is 
considerably longer in falling to the ground 
tban^ heavier bodies, such as a guinea. . Take 
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' away the resristing mediam, and they wiH Both 
reach the hottom at oi\ce. 

Emma. How will you do that ? 
Father. Upon this brass flap (Plate r. Fig.' 
3.) I^lace the guinea and the feather, and hav- 
ing turned up the fllap, and shut it ijoto a smalt 
notch, I fix the whole on a tall receiver, with a 

Eiece of wet leather between the receiver and 
rass. I will now exhaust the air from under 
the receiver, by placing it over the air-pump> 
and if I turn the wirey a little, the flap will 
slip down, and guinea and feaUier will fall with 
«qual velocities: • ^ * 



-In perfect void 



AH fttbstances with like Velocity 

Descend \ nor the Krft down oatstrips the gold. 

EUDOBIA* 



Ckcfrles. They are both at the bottom, but I 
did not see them fall. 

FcdhkT. While I repeat the experiment, 3HHI 
' must look steadfastly to the bottom, . because 
the distance is too small for you to trace their 
m^otioo ; but by keeping your eye at the bottom, 
you will see the ieather and guinea arrive at 
the. same instant ,, 

In this glass tube (Plate v. Fig. 4.) is some 
water, but the air is taken away, and the glass 
.completely elosedt. l\irn it up. quick^.so that 
Che water may fall on tbe^ther epd. 
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fimma* It1pa«kes a noiae lilo tht stroke of a 
bamnier. 

Father. And for th»t reason jt is usually call* 
ed tiie philosophical hammer. The noise is oc^ 
easioned throudi the want of air to breajc the 
fall ; for if I tUie anotiier glass in all respects 
like It, but having air enclosed in it^ as well aa 
water, yoii m9y ti^m it as oflOn ai ypo please 
hu^jf wy nofse. 
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Otibt^ Tomu^iuk Ezperilneat 

Charles. If by means of thei air*pmnp yon 
cannot perfectly ^riiaust the air from any yes- 
ml, by what m^ns is it done? 

Father. His {^ass tube is ajjout 36 inches 
I6ng, and open at one end only. I fill it very 
accurately with quicksilver, aijd placing my 
thumb over the open end, I invert the tc^be, and 
plunge it into a vessel 6f the same metal, taking 
care not to remove my thumb till the end of the 
tabe is completely immersed in quicksilver.— r» 
You observe .the mercury is sui|ieaded in the 
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tube to A certain height^ and above it there is n 
perfect vacuum ; that is, ffom the «ix or seven 
inches at the upper part of the tube the air is 
perfectly ei:eluded« 

Emma. Gould not the air g|et in when yott 
took away your thumb ? 

father. You saw that I did. not remove tny 
thumb till the open end of the tube was wholly 
under the quicksilver, therefore no air could 
get into the tube, without first descending 
through the quicksilver : now you know that a 
lighter fluid will not descend through one that 
is heavier^ and consequently it is impossible 
that any iif should be in the upper part of the 
tube. 

Charles, What makes the quicksilver ^bami 
at that particular height ? 

Father. ' Before I answer this, teil me the 
reason why water cannot be raised by means of 
a common pump, if the piston be higher than 
about 3fi or 33 feet from the water. , 

•Charles. Because the pressure of the atmo* 
Sphere is equal to the pressure of a column of 
water so many feet in height. * 

Father. And the pressure of a column of 
quieksijver twenty-4iine or thirty incheji long, a 
little more or less according to the variation of 
the air/ia equal to the pre9sureof a column of 
water thirty-two or thirty- three feet iiigh^ and 

* « 

. . rQe« CanfeiqatlanXXi. 
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nnfle^neiitly cqunl to the prewisre of tlie whole 
heiKht of the atmosphere. 

Smma. It then the mercury in the tube k«pt 
easpended by the weight of the air pressing on 
UiAt in the cup? 

Father. It 18. 

Emma. If you eoiild take away the air from 
the cup, would the quickailver descend in the 
tube? 

'FuihBT. If I had a receiver long enough to 
•neloee the <^p and tube, and were to place 
' Aem on liie air-pumpt you would see the effiect 
that a single turn of the handle would have oti 
the meroury ; and, after a very few tor ua^ the 
quicksilver in the tube would be nearly on « 
level with that in the cup. 

I can show you^ by means of this, syringe^ 
that the suspension of the quicksilver in the 
lube is owing to nothing but the pressure oC the 
ttr. 

Charles. What is the structure of the syringe? 

Father. If you understand in what manoet a 
eommon water-squirt aotsy you will be at no loss 
about the syringe^ which ia made like it 

Charles. By dipping the amat} end of a squirt 
in water^ and lifting up the handle, a vacuum 
ia Bsadey and then the preftMtt*e of the air on 1^ 
durface of the water forces it into (he squiit. 

Father. *That ia the proper ex{^tiatiei£-^ 
This vessel p, (Plate v. Fig. 5.) containing 
aome quicksilver^ and the smdl tube g f^ 33 
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inches longi opeki at lx>di ends, immeraed in it^ 
are pkced tinder a large' receiver a b, the brass 
plate Cf Hjut upon it mtfi a piece of wet leather, 
admits the small tube to pass through it at A. 
I will now screw the syringfs h on the tube g/, 
and by lifting up the |>andle i, a partial vacuum 
is made in the tube^ consequently the pressure 
of the air in the receiver upon Uie mercury in 
the cup B forces it up into the little tube as high 
as X, just in the same manner as water follows 
the piston in a common pump. 

Mmma, But is not this rise of the quicksilver 
in the tube owing to the suction of the syringe ? 

jPolAer. To prove to you that it is not, I place 
the whole apparatus aver the air-pumpt and 
exhaust the air out of the receiver a b* This 
operation, you most he sensible, h^s not the 
smallest effect on the air in the syringe and 
little tube i but you nevertheless observe, that 
the mercury has again fallen into the cup n | 
and the syringe might now be worked for ever 
without raising the mercury in the tube ; but 
admit the air into Uie receiver, and its action 
upon the surface of the quicksilver in the cup 
will force it instantly into the tube. ' 

This is called the Torricellian experiment, in 
honour of Torricelli| a learned ItaliaOf and 
disciple of Oadiko, who invented it| and who 
was the first person that discovered the pres- 
iinre imd weight of the air« 
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CONVERSATION XXVI, 



^ -w 



. Of the Pressure of tlie Air, 

Charles. It seems very surprising that the 
air, which is invisible, should product such ef- 
fects as you have described. 

Father^, If you are not satisfied with the evi- 
dence which your eyes are capable of aflfording, 
you would perhaps have no objection to the in- 
formation which your feelings may convey to 
your mind. Place this little glass a b> open at 
both ends (Plate v. Fig. 6.), over tjie hole of 
the pump plate, and lay your hand ctese upon 
the top B, While I turn the handle of the pump 
a few times. 

Charles'. It hurts me very much : I cannot 
take my hand away. 

Father. By Jetting in the air, I have released 
you. The pain \vas occasioned by the pressure 
of the air on the outside of your hand, that be- 
ing taken away from tinder it, which served to 
counterbalance its weight 

This is a larger glass of the same kind (Plate 
V. Pig. t.) \ over the large end, I tie a piece of 
wet bladder very tight, and will place i^ on tha 
pump, and take the air from under it. 



Sfnma. jsitthe weight Df air tli«t beads the 
bladder 80 much? 

father. Certoinly : and if I turn the hapdk 
a few mora tifnesy it will hunrt*. • 

Charks^ It has made a report aa loud as a 
gun. 

Father. A piece of thin flat ^aaa may hfa 
Inroken in the aame manner.-^Here is a glass 
bi^k 4« with a I<mg neek, (Plate y. Fig. 8. ) 
which I pvt into a cup of water b, and plaeo 
them under a receiver on the plate of the aifr 
pomp, and hj turning ^e handle^ the air is not 
onlv taken from the refieir^^ Iwt that in the 
hollow glaw bal) will make its way throng the 
srater and escape^ 

Emma, la jt the air which occanons the bob* 
Has at the sorfaoe of the wai^ i 

jFather, Xt i^^ ^ow tiie bubbling if stopped^ 
and therefore I know that as much of the air is 
taken awinr as can be got out by means of the 
pump. Tbe hollow ball is still empty : but hy 
iurmng'the eoekv of the pumpt (Fig. ).) tk$ 
air rushUs into the receiver and presses upon the 
wilter, thereby filling the ball with the fluid. 

Charley. It is not quite full. 

Father. That is because the air could not be 
perfectly exha^st^i and the little bubble of air 
at the top, is what, in its 'expanded state, &Ue4 
the whole glass ball, and now by the pressure 
of the external air it ia feduo^ into the siase yoi^ 
fee it. 
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Another very simple experiment will cdnvince 
you that suction has noUiing to do with these 
experiments. On the leather of the air^pump^ 
at a little distance from theliole, I place lightly 
this shiall reeeiver x, add pour a spoonful or 
two of water round the edge of it (Plate v^ Fig. 
9.) I now cover it with a large receiver a b^ 
and exhaust the air. 

Emma. I see by the bubbles round the edge 
of the small recover that the air is making iti 
way from under it 

Father, I have pretty well exhausted ail. the 
air; can you mbve the large r^eiver? 

Charks. No : but by shaking the pump I see 
the little one is loose. 

Father. The large one is rendered immove- 
able by the pressure of the external air. 'But 
the air being taken from the inaide of both 
gllkssesy there is nt3ithing> to fasten down the 
smaller receiver. 

Emma. But if suction bad any thing to do 
with thi# business, the little receiver ^'ould be 
fast, as well as the other. 

Father,' Turn the^cock v of the air-pump 
quickly. You hear the air rushing in with vio- 
lence. 

Charles. And the large receiver is loosened 
again. ^ 

Father. Take away the smaller one, Emma. 
. Emma. I cannot move it with all my strength. 

Father. Nor could you lift it up if you were 
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a hundred times stronger than you are. For by 
admitting the air very speedily into the large 
receiver^ it pressed down the little one before 
any air could get underneath it 

Charles* Besides, I imagine you put the wa- 
ter round the edge of the glass to prevent the 
air from rushing between it and the leather. 

Father. You are right ; for air being the *" 
lighter fluid, could not descend through the layer 
or water, in order to ascend into the receiver. 
— Could suction produce the eiifect in this ex« 
periment? 

Charles. I think not : because .the little re-, 
ceiver was not fixed till after what. might be 
thou^t suction had ceased to act. : 

Father. . Right : and to imprett ^his fact 
strongly on your mind, I will repeat the expe- 
riment. You observe that the air being taken 
from under both receivers, the large one must 
be fixed by the pressure of the atmospherei and 
the smaller one must be loose, because there is 
no pressure on its outside to fasten it. But by 
admftting the air, the Inner one l;>ecomes fixed 
by the very^ means that the outer one is 
loosened. 
. Emma, How will you get tbesmall one away I 

Father. As I cannot raise it, I must slide it 
over the hole m the brass pJate ; and now the 
air gets under it, there is not the smallest diffi^^ 
culty. 
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0( fSM Prtmm ^ ikt Mir. .• 

Chetrhs. Although suction hatd npti)in|( to do 
iti the experiments which jmi fiD«d<r yesterdajr, 
yet I think I An show you nr instance in which 
it has. This experiment^ if such it may be 
caljfedy I haj^e made a hundred times. I fasten 
a string in the centre of a round piece of lea* 
ther, and having thoroughly soaked it in water, 
I press it on a nat stone, and hy poTIing at the 
string the leather draws op the stone, althoagh 
it be not more than two or three inches in dia<» 
meter, and the stone weighs several pounds. 
Surely this is suction. 

Father. I should e^y so too, if I could not 
account for it by the pressure of the atmosphere. 
By pressing the wet leather on the stone you 
displace the air, then by pulling the string a 
vacuum is left at the centre, and the pressure 
of the air about th^ edges of the leather is so 
great, that it requires a greater power than the 
gravity of the stone" to separate them. 

I have seen you drink water from a spring 
by means of a hollow straw. . 

EfnnujL. Tes, that is another instance of what 
we have been accustomed to call suction. 
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Father. But now you know, that In this o|pera- ] 

lion you made a syringe with the straw and \ 

your lips, and by drawing in your breath you 
cause a vacuum in the hollow straw tube, and 
the pressure of the air on the water in the spring 
forces it up through the straw into the mouth. 

Charles. I cannot, however, help thinking 
that this looks like suction, for the moment I 
cease the drawing in my breath, the water 
ceases to rise in«my mouth. 

Father. That is, when there is ho longer a 
vacuum in the straw, the pressure within is just 
equal to that without, and consequently the wa< • 
ter will rest at its natural level. 

I will show you another atrikihg instance of 
the effects of the air's pressure. This instru- 
ment (Plate V. Fig. 10.) is called the transfer- 
rer. The screw c fits on to the plate of (he air* 
pump, and by means of the stop-cocks o and r, 
I can tftke away the air from both, or either of 
the receivers i, k, at pleasure. 

Emma, is there a channel then running from 
€ through DAB, and thence passing to >, and 

Father. There is. I will screw the whole on 
Ae air-pump, and turn the cock o, so that there 
is now no communication from c to the inter«- 
nal part of the receiver i. At present you ob- 
serve that both the receivers are perfectly free. 
By turning the liandle (^ the pump a few timei^ 
the. air is taken away from the receiver k, and ^^ 
VOL. n. 
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to prevent its re-entrance I turn the stop-cock 
rf. Try if you can move it 

Charles. I cannot : but the other is loose. «- 

Father, The pressure of the atmosphere it 
evidently the same on the two receivers ; but 
with regard to the glass i^ the pressure withia 
is equal to that without, and the glass is free : 
in the other, the pressure from within is taken 
away, and the glass is fixed. In this stage of 
the experiment you are satisfied that there is a 
vacuum in the receiver x. By turning the cock 
o, I open a communication between the two re- 
ceivers, and you hear the air that T7a» in i rush 
through the channel a b into k. Now try to 
move the glasses. 

Emma, They are both fixed : how is this? 

Father, The air that was enelosed in the 
glass I is equally diffused between the two, con- 
sequently the internal pressure of neither is 
equal to the external, and therefore they are 
both fixed by the excess of the external pres- 
sure over the internal. In this case it could not 
be suction that fixed the glass i, for it was free 
long after what might have been thought suction 
had ceased to act 

Charles. What are these brass cups? (Plate 
V. Fig. 11.) 

Father, They are called the hemispherical 
cups ; I willljring the two, b,. a, together, with 
a wet. leather between them, and then screw 
them by » to the plate of the air-pump: amd * 
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having exhausted the air from the inside^ I turn 
the stop-cock e, take them from the pump, and 
screw on the handle f. See if you two can se- 
parate them. 

Emma. We cannot stic them. . 

Father. If the diameter of these cups were 
four inches, the pressure to be overcome would 
be equal to ISOlb. I will now hang them up in 
the receiver (Plate y. Fig. 12.) and exhaust the 
air out of it, and you see they separate without 
the application of any force. 

Charles. Now there is no pressure on the out- 
side, and therefore the lower cup falls off by its 
own gravity. 

Father. With this steel-yard (Plate vi. Fig. 
13.) you may try very accurately to what weight 
the pressure of the atmosphere against the cups 
18 equal.* 

Emma. For when ihe weight w is carried 
far enough to overcome the pressure of the cups, 
it lifts up the top oae. 

Father. I have exhausted the air of this re- 
ceiver H, (Plate VI. Fig. 14.) consequently it is 
fixed down to the brass plate i; to the plate 
is joined a sniall tube with a stop-cock x; by 
placing the lower end ef the tube in a basin of 
water, and turning the cock, the pressure of the 
atmosphere on the water in the basin forces it 



• The principle of the tteel-yard i« explained^ Vol. I. Of 
Vcchaiiics. CooTenatioii XY. 
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through the tube in the form of a fountiauii. 
This is called the fountain in vacuo. 

To this little square bottle ▲ fPlate vi. Fig. 
15.) is cemented a screw valve, by which I can 
fix it on the plate of the air-pump, and exhaust 
its air : and you will see that when there is no 
power within to support the aressure. of the at« 
mosphere from without, it will be broken into a 
thousand pieces. 

Charles. Why did you noi use a round phial? 

Father. Because one of that shape would 
have sustained the pressure like an arch. 

Emma. Is that the reason why the glass re- 
ceivers are able to bear such a weight without 
breaking? 

FaiAer. It is. If mercury be poured into a 
wooden cop c, made of willow, which is a very 
porous kind of wopd, (Plate VI. Fig. 16.) and 
Ihe air taken from under it, the mercury will, 
by the weight of the external air, be forced 
through the pores of the wood, and descend like 
a shower of rain. 
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CONVERSATION XXVIII. 



Oftl^ Weight of AiP. 

Bmma. We have seen the surprising e&cis 
of the air's pressure ; are there any means of 
obtaining the exact weight of air ? 

Father. If yoo do not require any very great 
niedty^ the method is very simple. 

This Florence flask (Plate vi. Fig. 17.) is 
fitted up with a sc^^w, and a fineoiiedailk valve 
at i>, ' I will now screw theHask *on the plate 
of the air-pump, and exhaust the air. You see, 
in- its present exhausted state, it weighs Stances 
and 5 grains. 

Charles. Cannot the air get through the silk ? 

Father. Theisilk, being varnished with a kind 
of oily substance, is impenetrable to ait; and> 
being exhausted^ the pressure upon the outride 
effectually prevents the entrance of the air by 
tne edge of the silk ; but if I lift it tip by means 
of this sewingHieedle, you will bear the air 
rush in. 

. Emmai Is that hissing noise occasioned' by 
the re-entrance of the air? - 

Father. It is ; and when that ceases, you may 
be sure the air wittdn the botUe is of the tsame 
density as tiiat without . '^ * 

02 
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Charles. If I weigh it agaidy the difference 
between the weight now, and when yoa tried it 
before, is the weight of the quantily of air eon*- 
tained in the bottle : — -it weighs very accurately 
3 ounces 19i grains, consequentlythe air weighs 
Hi grains. 

Father. And the flask Holds a quart, wine- 
measure. ^ 

Emma. Does a quart of air silways wei^ 
14i grains? 

Father. The weight of the air is perpelnally 
changing ; therefore though a quart of it vweighs 
to-day H^ grains, the same quantity nay, in a 
few hcmrs, weigh 14i grains^ or perhaps only 
14 grains, or ofore or less. The air is nMidii 
heavier this morrilng than it was at the mmo 
time yesterday. 

Charles. How do yoti know that ; 6ii you 
wetf^ aoBie yc^rday ? 

Father. No t but the rimng and frlling of the 
quicksilver in the barometer, an fnstmmest 
which I ^all hereafter very particulariy de» 
scrib^ are su«e guides by which the real weigte 
of the air is estimated ; and it stands. £W three* 
tenths of an inch hi|^er now than it did yesi>> 
terday. 

Mmma. Will yee eiq|>laie bewn^ mey judge 
of the different weights ut the air by the Mh 
rometer? 

FaiJkfr. This sufegecl ni^, perbaps, bebrttar 
discussed when we come to t»tt ipaiplicitiy en 
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that iBstruooeBt; but I will bow answer your in- 
quiiy, although I should be in some dftoger of (i 
repetition oa a future day. 

The mercury in. a weil^nad^ baronieler will 
jdways subside tillrtbe weight of t^e eoluimi be 
exactly equtyaient to the weight of the external 
jair upon t^e a ur&ee' of the niere^iry ia the basin^ 
^consequently l^e height of the mercury is a 
mre criterion by which that weight is to^ be es- 
timated. — ^Suppoae, lor examploi the barometer 
fitsskds at 9Bi inches, or, as H ia uauall v express- 
fid^ at 2^6j and I find a quart ef air at that 
time weighs 14| graip& Here then is a i9tand* 
^rd by which { may evejf after compare the 
nairity of the alsnofi))bere. If feo^mofrow I find 
WB qukkeaWer hAa Mien to ^d^S, I shall know 
iheair ia not ao heairy as it was; because, in 
this caMif a column of q«iieksilT?er» Z9.3 inches^ 
ivalancea the whole weight ; whereas it required 
tefore/ a eolttmn equsl to 2^5. Iff oo thecon- 
ilraryy wben I look a^n> the mercury has risen 
to 3a6^ M ii really staoda at this hour. Sept 39, 
ISOS, I ant sure tie^itma^i^iere is oonaiderabiy 
jbeaTier Ihaft it vif^a beiiare, a^ th^ a quart of it 
^91 weigk nyueh more ihtm l^k grains. 

C harks. ¥egs iotilmaled that ia weighiof air 
tike flaak coyd not be chf^ended upon if yreat 
nbetfr weto rafpiced; what: isf the reason of 
that? 

FiB^her. itold'yov^whoofi^laioinf the opera- 
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tions of the air-pump, that is was impossible to 
obtaia, by means of th^t instrument, a perfect 
vacuum. The want of accuracy in the flask ex- 
periment depends on the small quantity of air 
that is left in the veiteel after the exhaustion is 
carried as far as it will goc this, however, if the 
pump be good, will, after 12 turns of the handle, 
be less than the 4000th part of the whole quanr 
tity. 

Emma. How do you know this? 

FatAets, You seem unwilling to take any thing 
upon my word ; and in subjects of this kind you 
do ri^t, never to rest satisfied without a reasoia 
for what is asserted. 

I suppose, then, each of the barrels of the air- 
pump is equal in capacity to the flask ; that is, 
each will contain a quarts then It is evident, 
that, by turning- the handle^ of the pump, I ex- 
haust all the air of one barrel, and the air in 
the flask becomes at the same time equally dif- 
fused between the barrel and flask ; that is, the 
quart is now divided into two equal part^, one 
of which is in the flask, and the other iii the ' . 
barrel. By the same reason, at the next turn 
of the handle, the pint in the Vask will foe re- 
duced to half a pint; and so it will go on de- 
creasing, by takings aWay, at every turn, one 
half of the quantity that was left in by the last 
turn. 

Charles, Do you mean, then, that after the 
first turn of the handle, the air in the bottle is 
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twice as. fare as it was at first ; and after the 
seoood, thirds and fourth turns^ it is four times, 
eight times, and sixteen times as rare as it was 
when you began ? 

Feather, ThaX is what I meant ; carry on your 
multiplication, and you will find that after the 
twelfth turn it is 4096 times more rare than it 
was at first. 

Emtnd. I now understand that, though ab« 
solute exactness be «6t attainable, yet, in weigh'^ 
ing this quart of air, the error is oiily equal to 
the 4096th part of the. whole, which quantity 
may, in reasoning on the subject, be over* 
looked. * 

Father. I will exhaust the flask again of its 
air, and putting the neck of it under water, I 
will lift up the silk valye, and fill it with water. 
Now dry the outside very thoroughly, and 
weigh it. 

Charles. It weighs 27 ounces. 

JPalher. Subtract the weight of the flask, 
and reduce the remainder into grains, and di- 
vide by 14i, and you will obtain the. specific 
gravity of Water compared with that of the air. 

Charles. I hav^ done it, and the water is 
something more thaaSOO times heavier than air. 

Father. Since, then, the specific gravity of 
water is always put at 1, that of air must be 
as -riir^f ^^ ^^^\ according to this-calcQlation ; 
but following the more accurate experiments of 
Mr. Cavendish and others, whose authority 



^ 
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may be safely appealed to^ the iipecific gravity 
of air is 800 times less than that of water, whea 
the'barometer stands as high as 30 inches. 

Can you tell me what the air in this room 
weighs ? the length of the room is 25 feet, the 
height lOi, and the width 12i. 

Emma, I multiply these three numbers to* 
gether, and the answer is dS61.25 ; or the room 
contains a little more than 3281 cubic feet: 
now a cubic foot of water' weighs 1000 ounces^ 
therefore the weight of the room-full of water 
would be 3)381,000 ounces; but air being 806 
times lighter than water, die air in the room 
will weigh 3,281,000 -h 800 »4101 ounces «« 
2S6lb. Soz. . It seems however surprising that 
the air, whidi is invisible, should weigh s^ 
much. 



CONVERSATION XXIXi 



or the Elasdcity of Air. 

Father. I have told you that air is an elastie 
fluid. Now it is thet nature of all elastic bo- 
dies to yield to pressure^ and to endeavour to 
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regam their former figure as soon as the pres- 
sure is taken off. Iii projecting an arrow from 
your bow, you exert your strength Ao bring*the 
two ends of the bow nearer together, but the 
moment you let go the string, it recovers its 
former 3hape : the power by which this is ef- 
fected is cdled elasticity, 

Bmma. Is it not by this power that India- 
rubber, after it has been stretched, recovers its 
usual size and form ? 

Father. It is : and almost every thing that 
you make use of possesses this property in a 
greater or less degree : baits, marbles, the chords 
of musical instruments, are all elastic. 

Charles. I understand how all these things 
are elastic : but do not see in what manner you 
can prove the elasticity of the air.* 

father. Here is a bladder, which we will fill 
with air, and tie up its mouth, to prevent its es* 
e^ng again. If you now press upon it with your 
band, its figure will be changed ; but the mo- 
ment the pressure is removed, it recovers its 
round shape. ^ 

. Emma. And if I throw it on the ground or 
against any other obstacle^ it rebounds like a ball 
or marble. 

Father. You are satisfied also, I presume, 
that it is the air which is the cause of it, and not 
the bladder that contains i^ 

• • 

* See ToL I. or Mecfaaaics. Conrcnation XUI. 
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Let us have recourse to the air-pump to ex* 
hibit some of the more striking effects of the 
air's elastietty. I will let a part of the air 4cmt 
of the bladder, and -tie up its mouth again. The 
pressure of the external air renders it flaccid^ 
and you may make what impression you please 
upon it, without its endeavouring to re-asdume 
its former figure. 

Emma. What proof is there that this is ow- 
ing to the external pressure of the air ? 

Father. Such as will satisfy you both, I am 
sure. Place it under the receiver of the air- 
pump, exhaust the air, and see the consequen- 
ces. 

Charles. It begins to swell out ; — and now it 
is as large as when it was blown out full of air. 

Father, 'the outward pressure being in part 
removed, the particles of air, by their elastici- 
ty, distend, and fill up the bladder ; and if it 
were much larger, and the exhaustion were car« 
ried farther, the same small quantity of' air 
would fill it completely. I will now let the air 
in again. 

Emma. This exhibits a very striking pr9pf 
of the power and pressure of the external dor, 
for the bladder is as flaccid as it was before. 

Father. I put the same bladder into this 
square box. without any alteration, and place 
upon it a moveable lid, upon which I put this 
weight By bringing the whole under a re- 
ceiver, and exhausting the external air, the 
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elastieitjr of that ia the bladder will lift up the 
lid and weight together. 

Charles. If you pump much more, the weight 
will fall againist the sida of the glass. 

Father. I do ndt mean to risk that: — it is 
enougl) that you see a fewjprains, iiot half a 
dozen, of air, wiJI, by their elasticity, raise and - 
sustain a weight of several pounds. 

Take this glass bubble: (Plate v. .Fig. 8.) 
the bore of the tube is too small for the water 
to run out$ but if I place it under the receiver 
of the itir-punip, and take away the external 
air, the little quantity of air whiok is at the top 
of the glass, will, hy its elastic force, expand 
itself, and drive out all tiie wateh 

Emma:, This experimetit showi^. that a very 
smalf quantity of air is capable of filling a 
large space, provided the external pressure is 
taken off. 

Father, Certainly : I will take off the blad- 
der from this gUss. (See Plate m. Fig. 19.) 
The little images all swim at the top, the air 
contained in them rendering them rather ligbtr 
er thavi the water. Tie little leaden weights to 
their feet, these puH them down to the bottom 
of the venei : I now jdaee the glaas under thjB 
receiver of ^he air*'pump, and ojr exhausting 
the air from the tosmI, ^iat which is within the 
indages, by its elastictl^, expands itself, forces 
out more water, mid yon sipe they are ascend- 
ing to the top, dragging tlie weights after them. 
VOL* n. 
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I will let in the air, and the pre^mre forces 
the water into the images again, and they de" 
Bcend. 

Here is an apple very mtich shrivelled, which^ 
when placed under the receiver and the exter- 
nal air taken away, will appear as plump as if 
• it were newly ^thered from the tree* 

Emma. Indeed it now looks so inviting, that 
I am ready to wish it was my own. 

Father, Before, however, you can get it, all 
its beauty will fade. I will admit the air again*. 

Charles. It is as shrivelled as ever. * Do ap- 
ples contain air? 

Father., Yes, a great deal: and so, in fact, 
do almost all bodies that are specifically lighter 
than water, as well as many that are not so. It 
was the elastic power of the air withfn the apple^ 
that forced out all the shrivelled parts when the 
external pressure was taken away. 

Here is a Small glass of warm ale, from 
which I am going to take away the air. 

Emma. It seems to boil, now you exhaust the 
air from the recieiver. 

Fathen. The bubUing is caused by th^ air 
endeavouring to escape from the liquor. Let 
the air in again, and then taste the beer. 

Charles. It is flat and dead. 

Father. You see of what importance air is to 

five to all our liquors their pleasant and brisk 
ayour, for the same will l|appen to wise and 
all other fermented fluids. 
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Emma. How is it that ,the air, wjien it was 
re^>admit^ed9 did not penetrate the ale again ? ^ 

[ Father. It could not insinuate itself inio the 
pores of the beer, because it is the lighter bo- 
dy, and therefore will not descend through the 
heavier. Besides, it does not follow that it is 
the same sort of air, which I admitted into the 
rteeiver^ that was taken ft>oni the ale. . ^ 

Emma. Are there more kinds of air than 
one? 

• Father, Yes, very many ; as we shaH show 
vou .in our- Conversations on Chemistry.? 
That which I took from tti® beer, and- which 
give^ it the brisk and lively taste, is otlled fix* 
ed air, or Carbonic acid gas, of .which there if^ 
ifi general, but a. very small quantity in'tbe^ 
atmosphere. . - 

The elasticity,' or spring of air, contained 
in our flesh, was clearly shown by the experi- 
ment, when I pumped the air from under your 
hand. 

Charles, Was thttt the cause of its swelling 
downward? 

Fathei^ It was ; and it will account for the 
pun you felt, which was greater^ and of a \Very 
dijferent kind, than what you would have ex<( 
p^rienced by a dead weight being laid on the 
back -of your hatid, equal to the pressure of 
Che air. , 

* 9ee Pialoguss in Cheimstiys Yol. I, 
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Cupping ia an operation p^ormed on this 
principle : the operator tella yon he draws up 
the flesh ; but if he were to apeak correctly, 
he would aay^ he took away the external air 
from off the part of the body, and then the 
elastic force of tiie air within extends, . and 
swells out the flesh ready for his lancets. 

Emma. When I saw you cupped, he did not 
use an air-pump, but little glasses, to raise the 
flesh. 

Father. Glasses closed at the top are now 
generally made use of^ in which the open^or 
holds the flame of a lamp : by the heat of this 
the elasticity of the air in the glass is increas- 
ed, and thereby a great part of it driven out. 
In this state the gbiss is put on the part^ to be 
cupped, and as the inward air cools, it con* 
tracts, and the glass adheres to the flerii by the 
difierence of the pressures of the internal and 
external air. 

By some persons, however, the syringe is 
fsonsidered as the most efiectual method of per- 
forming the operation, because by flame the air 
cannot be rarefied more than one half; where- 
as by the syringe a few strokes will nearly ex« 
haust it 
. Here is another little square bottle like that 
before mentioned, (Plate vi. Fig. 15,) only that 
it is full of air, and the mouth sealed so close- 
ly that none of it can escape. I enclose it 
within the wire cage b, and in this state bring 
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them under the receive^!*, and exhaust the ex- 
ternal air. ' 

Charles. With what a lobd report it haa burst ! 

Father. You can easily conceive now in what 
manner this inTisihle fluid endeavours continu- 
ally, by its elastic force, to dilate itself. 

Emma. Why did you place the wire cage 
over the bbttle ? 

Father. To prevent the pieees of the bottle 
from breaking the receiver, an accident that 
would be liable to happen without this preciiu-^ 
tion. 

Take anew-laid egg and make aaraall hole 
in the little end of it, tben» with that end down- 
wards, place it in an ale-glass under the re- 
ceiver, and exhaust the air; the whole con- 
tents of the egg will be forced out into the glass^ 
by the elastics spring of the small bubble of air 
whrich is always to h^ found in the large end of 
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CONVERSATION XXX. 



The Compreflsion of the Air. 

Father* I have already alluded to the com- 
pressibility of air, which it is proper to de- 
scribe here, it b^ing a consequence of its elas- 
^ ti(ity : for whatever is elastic, is capable of 
* being forced into a smaller space. In this 
respect air differs very materially, from other 
Quids. 

Charles. You told us, that water was com- 
pressible in a veiy small degree. 

Father. I did so ; but the eompression whieh 
can be effected with the greatest power^ is so 
very small, that without the greatest attention 
and nicety in conducting the experiments, it 
would never have been discovered. Air, how- 
ever, is capable of being compressed into a 
very small space compared with what it na- 
turally possesses. 

Emma, The experiment you made, by plung- 
ing an ale-glass with its mouth downwards^ 
clearly proved that the air which it contained 
was capable of being induced into a smaller 
lipace. 

Father. This bended tube a b c (Plate vr. 
Fig. 18.) is closed at a and open at c. It is, in 
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the <M>mmon state, full of air. - I first, pour into 
it a little quicksilver, just sufficient to coyer the 
bottom ah: now the air in 0ach leg is, of the 
«anio density, and, ^s that coniatned in a b 
cannot escape, because the lighter Huid will be 
always uppermost, when I pour more quicksil- 
ver in at c, its weight will conden^ the air in 
the leg A B ; for the air which filled the whole 
length of the leg is, by the weight of the quick- 
silver, in € B, pressed into the smallest space a 
;r, which space will be diminished as the weight 
28 increased : so thai: by increasing the length 
of the column of n^ercury in € B, the air in the 
other leg will be more and more eondensed. 
HencQ we learn that the elastic spring of air is 
always, and under all circumstances, equal to 
the force which conipresses it. 

Charles. How is that proved ? / 
. Fairer. If the spring with which the air en- 
deavours to expand itself when it is compressed, 
were less than the compressing force, it must 
yield stUl farther to ihat force; that is, if the 
spring of the air in a or were less than equal 
to the wdgfatr of the mercury in the other leg^ 
it would be forced into a 3ret, smaller space ; but 
if the spring were greater than the weight 
pressing upoo itp it would not have yielded ao 
mueb ; for you «re well aware that action and 
l^-aetion are equal, and net ia opposite diree- 
tions» , 

You can now easily \inder8taad why the lower 



V 
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regions of tke atinosf»here are more dense than 
those higher* 

. Emma. Because they are pressed upon by all 
the air that is above thefti, and therefore con- 
densed into a smaller space. 

Father. Consequently the air grows gradu- 
ally thinner, till at a considerable height it may 
be conceived to degenerate to nothing. The 
different densities of the air may be illustrated 
by conceiving twenty or thirty equal packs of 
wool placed one upon another : the lowest will 
be forced into a less space, that is, its parts wilt 
be brought nearer together, and it will be more 
dense than the next; and that will be more 
dense than the third from the bottom, and so on 
till you come to the uppermost, which sustains 
no other pressure than that occasioned by the 
weight of the incunobent ain 

I^t us now see the effects of condensed air, 
by means of an artificial fountain. This vessel 
is made of strong copper, (Plate vi. Fig. 19.) 
and about half full of water. -With a syringe 
that screws to the pipe a b, I force a consider- 
f^ble quantity of air into the vessel, so that it is 
very much condensed. By turning the stop- 
cock B while I take off tke syringe, no water 
can escape ; and instead of the syringe'! put on 
a jet, or verysmall tube, after whidb the stop- 
cock is turned, and the pressure of the condens- 
ed air forces the water through the tube to a 
yttf gleat height 
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Charles. Do yoa know how hl|^ it aseeads? 

Father n Not exactly; but as the natural pre»» 
sure of the air will raise water 3S feet, .so if by 
eoDtleoaatioa its pr^saure be tripled, it will rise 
66 feet. 

Emmei, Why tripled ? Ou^ht it not to rise to 
thi9 height by a double pressure ? 

Father. You for^t that there is tl>e coiBmoa 
pressure U ways acting agi^iiist aod preventinf 
the ascent of the water, therefore besides a force 
within to balance that without, thet-e mu&t \fe a 
double pressure. ; 

Charles. You deseribe a syrtnge to be like a 
eomndeti water-squirt; how are you able, by an 
instrument of this kind, to force in so^ g;reat a 
quanliiy of air? will it not return by the sanae 
way it is forced in ? , 

Father. The only diSerence between a con* 
densing syringe and a squirt is^ that, in the 
former^ there is a valve that opens downwards^ 
by which air may be forced through it, but th# 
instant that the downward pressure ceasesy the 
valve, by means of a strong spi4i>g, shuts of 
itself, 90 that none can re'tura. 

Emma. Will not air escape back, during the 
time you are forcing in more of the external 
air? . ' 

Father. That would be the case if the sy- 
ringe pipe went no lower than that pai^t of the 
vessel which contains the air, but it reaches to 
a considerable depth in the water, and as it 
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(Daonot find its way back up the: pipe, it must 
ascend through the water, and cause thai pres- 
sure upon it which has been described. . 

Cfharles. To what extent can air be com- 
pressed ? 

' Father, If the apparatus be strong enough, 
and a sufficient power applied, it may b^ eon- 
densed several thousand times ; that is, a vessel 
whicti. will contain a gallon of air ia ha natural 
state, may be made to contain several thousand 
gftlk)ns. 

By means of a fountain of this kind, ypung 
people, like yourselves, may receive much en- 
tertainment ^ith only A a few additional jeta, 
whic|^ are made to screw on and off One kind 
is so formed, that it will throw up and sustain 
on the stream a little co/k ball, scattering the 
water all round. Another is made in the form, 
of a globe, pierced with a great numbe> of holes, 
ail tending to the centre, exhibiting a very 
pleading sphere of water. One is contrived to 
show, in a neat manner, the composition and 
resolution of forces explained in our first vo^ 
lume.* Some will form cascades, and by others 
TQU may, when the sun shines at a certain 
height in the heavens, exhibit artificial rain* 
bows.f 

' * See Voli I. Of Mechanics. Convenaljon XH. 
\ This phenomenon » described and explained in Conver- 

«tion xvni. 
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We will now force in a freah supply of air^ 
and try some of these jets. 

Emma. I observed in the upright jeta^ that 
the height to which the water waa thrown was 
continually diminishing. ^ 

Father* The reason is this; that in propor- 
tion as the quantity of water in the fountain in 
lessened; the air has more room to expand, th(9 
compression i8diminishef(,and consequently the 
the pressure becomes leas, till at length it is no 

{greater within than it ia without^ and then the 
buntain ce^s altogether* 



CONVERSATION XXXI. 



MiflCelUneoiis JBscperfments on the Air-Pump. 

Father. I shall, to day, exhibit a few e;zperi^ 
xnenta, without any re^rd to the particular 
aubjecta under which they might be arranged. i 

In this jar of water I plunge some pieces of 
iron, Kinc, stone, &c., and you will see that 
when I e^aust the exteitiAl aii^, by bringing 
the jar under the receive of the air-pump, the 
elastic spring of air eontained in the p«area ^i 
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these solid substances will force Uieni out in a 
multitude of globules, and exhibit a very pleas- 
ing spectaclei like the pearly dew-drops on the 
blades of grass ; bat wheA t admit the air, they 
suddenly disappear. 

Emma. This proves what you told us^a day 
or two ago, that substances in general contain 
a great deal of air. 

Falher. Instead of bodies of this kind, I will 
plunge in some vesetable substances, a piece or 
two of the stem of bjeet-root, angelica, &£,, aad 
now observe,, when I have exhausted the re- 
ceiver, what a quantity of air is forced out of 
the littl^ vessels of these plants by means of its 
elasticity. 

Charles. From this experiment we may con- 
clude that air makes no small part of all vege- 
table substances. 

Father. To this piece of cork, which of itself 
would swim on the surface of water, I have tied 
some lead, just enough to make it sink. But by^ 
taking off the external pressufe, the cork will 
bring the lead up to the surface. 

£fnma. Is that because when the pressure is 
taken ofi^ U)e substance of the eork expands, 
and becomes specifically lighter than it was be* 
fore ? 

Father. It is : this experiment is varied by 
using a bladder, in which is tied up a very small 
quantity of air, and sunk in water ; for when 
the external pressure is removed^ the spring of 



air within th« bladder will expand it, make It ^ 
vpeeiReally light r than water^ and bring it to i 
the stnface, * 

The next experiment shows that the ascent of 
smoke and vapours depends on the air. I will 
blow out this candle, and put it under the re* 
ceiver ; the smoke now ri^es to the top, but as 
-6oon as the air ifs exhausted to a certain degi^e, 
the smoke desceilds, like all other heavy iradies. 

Charles, Do smoke and vapours rise because 
they are lighter than the surrounding air? 

Father. That is the reason : sontetimes you 
see mnokefrom a chimney rise very perpendi^ 
ecdarly in a long column; the air then is very 
.heavy: at other times you may see i^ descend^ 
which is a proof that the density of the atmo- 
sphere is very much diminif^ed, and is, in faet^ 
less than that of the smoke. And' at all times 
the soioke can ascend no higher than where it 
meets with air of a density equal to itself, and* 
there it wiU q)read about like a cloud. 

Thia figure (Plate vr. Fig. «0.^ is usually 
called the lungs-glass: a bladder is tied dose 
about the little pipe a, which is screwed into 
the bottle a. I introduce it under the receiver 
A, B, and begin to exhaust the air of the receiv- 
er, and that in the bladder communicating ytit^ 
it, will also be i^tthdrawn ; the elastic force of 
the air in liie bottle a will now prei^ the blad* 
der to the shrivelled state represented in the 
figure ; I wiH admit the air, which expands the ^^^^ 
vol,. JJ,— Q ' 
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bladder; and thus by altenutdy exfaauating and 
re-admitting tbe air, I thaw the action of the 
loop in breathing. . But perhaps the following 
experiment will give a better idea of the sub^ 
jtct (Plate VI. Fig^ 21 and 22.) a repreaenta 
the longs, b the windpipe leading to them, 
from which the air cannot escape : n is a blad- 
der tied to the bottom, and in its distended state 
(Fig. 21.) will, with the internal cavity of the 
bottle, represent the cavity of the body which 
surrounds the lungs at the moment you have 
taken in breath: I force up n (as in Fig. 22.) 
and now the bladder is shrivelled by the pres« 
sure of the external air in the bottle, and re* 
presents the lungs just at the moment of expi- 
ration. 

Emma. Does Fig. 21. show the state of the 
lungs after I have drawn in my breath, and Fig. 
22. when I have thrown it out forcibly? » 

Father. That is what the figures are intend- 
ed to represent, and they are well adapted to 
^howthe elevation and coippression of the lungs, 
although I do not mean to assert, that the action 
of the lungs in breathing depends upon air in 
the same miinner as that, in the bladder does 
upon the air which is contained in the cavity 
of the bottle. 

I have exactly balanced on this scale-beam a 

fiece of lead and a piece of corlr: in this state 
will introduce them under the receiver, and 
exhaust the air. 
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Charles. The cork now seems to be heavier 
than the lead. 

Father. In air each body fas/ & wei|^t pro- 
portional to its bulky but when the air is taken 
^way, the weight lost wiii be restored : but as 
the lead lost leasts it will now retrieve the least, 
consequently the eork will preponderate with 
the difference of the weights restored by takitig 
•way. tbe aii'. 

Thus you See that in vacuOf a pound ofcorfci 
or/eathersy would be beayier than a pound tf 
tead. 



. * 
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<tf the Air-Gun, and Sound. 

Father, Tbe airrgun is an instrumenliy the 
effects of which depend on the elasticity and 
eoihpressioo df «ir. 

Emma. Is it used for the same purposes as 
common guns? 

Father, Air-guns will answer all the pur- 
poses of a musket or fowlingrpieee : bullets dis* 
charged from them will kill animals at the di^- 



teoee of 50 or M yifdiL ThejmiakeDortpor^ 
ttid on aeeoaot of the great miaehief they are 
capaUe of doiag, wiAoat auieh ehaoee of dia- 
€0^erj9 they are deeoied tllegdy and -are, or 
oag^ to be CdqimI powlierey but amoog the ap- 
innloa of the experimental philoaopher. 

iJharles. Can joa ahow ualhe eonatmetioB 
of an air*giio ? 

Father. It waa fiMinerlj a very, complex mar 
diioe, but now the eonatmetioo of air-goos la 
very aimpio ; tbia (Plate vi. Fig. St^) ia one of 
the moat approved. 

Emma. In appearance it ia very mneh like e 
oommon muaket, with the addition of a round 
ballc. 

'Father* That ball is hollow, and eontaina the 
eondenaed air, into which it ia forced by meana 
of a ayringe, and then acrewed to the barrel of 
thegiin. 

Charles. Ia there fixed to the ball a valv^ 
openinx inwarda ? 

Father, There ia : and when the leaden bullet 
ia rammed down, the trisger is polled back, 
which forces down the hoox 6 upon the pin con* 
nectod with the valve, and liberates a portion 
of the condemsed air: this ruahing through a 
hole in the lock into the barrel will impel the 
ballet to a great distance. 

Emma. Does not all the air escape at once? 

Father. No ; if the gxa be well made, tb^ 
copper ball will contain enough fer IS or M 
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separcfte chaises; so that one of these is capa-; 
pie of doing much more executron in a giveil 
time than a common fowling-piece. 

Charles^ Does not the sti^ength of the chargef-^ 
diminish each time ? 

Father. Certainly ; beeatise the condensation 
becomes less upon the loss of e^ery portion of 
air ; so that after a few discharges the bullet* 
will be* projected only a short distance. To 
remedy this inconvenience, ' you might carry a 
spare ball or twp ready filled with condensed 
air in your pocket, to screw on when the other- 
was nearly exhausted. Formerly this kind of 
instrument wasattaehed to gentlemen's walk- 
ing-sticks. 

Charles. I should like ,to have one of them. 

Father. I dare say you woujd : but you mui$t 
not be trusted with instruments capable of do- 
ing >much mischief, till it is quite . certain that 
your reason will restrain you from actions that 
might annoy other pei'sons. 

A stUl more formidable instrument is called 
the magazine wind-gun. In this there is a ma- 
gazine of bullets as welt as another of air,- and 
when it is properly charged, the bullets may be 
projected one after another as fast as the gun 
can be. cocked, and the pan opened. The sy- 
ringe in these is fixed to the but of the gun, by 
which Ai is eamly charged, and may be kept in 
that state for a'^eat while. . 

Emma, Does air never lose its elastic power f 



Father. It would be too much to aasert that 
it nerer will : but experimenta have been tried 
upon diflbrent portions of it^ which have been 
ibund as plastic as ever after the liaise of many 
monthsi and even years. 

Charka. What is this bell for ? 

Father. I took it out to show you that air is 
the medium by which, in|peneral, sound is com* 
aounicated. I will place it under the reeeiver 
of the air-pump, and exhaust the aif . Now ob- 
serve Uie clapper of the bell while I shake tbe 
apparatus. 

' Emma. I see clearly that the clapper strikes 
tbe side of the bell« but I do not hear the least 
noise. 

Father. Turn the cock, and admit the air; 
now you hear the sound plain enough ;-^-<and if 
I use the syringe and a different kind of glass, 
so as to condense the air, the sound will be very 
much increased^ Dr. Desaguliers says, that in 
air that is twice as dense as common air, he 
fBOuld hear the sound of a bell at double the 
(tistanee. 

Charles. Is it on account of difierest den* 
IHties of Uie atmosphere, that we hear St PauPs 
dock so much plainer at one time ^n another? 

Father. Undoubtedly the different degrees of 
density in the atmosphere will oceasion some 
difference, but the principal cause depends oi^ 
tbis €|u»rter from which tiie wind falows> for si 
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the direction of that is towards or opposite to 
our house, we hear the clo^k better or worse* 

Emma, Does it not require great strength to 
condense air? 

Faiher. That depends mueh on the size of 
the piston belonging to the syriiige; for the 
force recjuir^ increases in proportion to the 
square ot the diameter of the piston. 

Sappose the area of the base of the piston is 
one inch, and you have already fqreed so much 
air into the vessel that its density is double that 
of common air, the resistance opposed to you 
will be equal to 15 pounds ; but if yoo would 
have it 10 times as dense^ the resistance will 
be equal to 150 pounds. 

Charks. That would be more^ than I could 
manage. 

Father. Welt, then you must take a sjrtinge, 
the area ot whose piston is only half an inch ; 
and in that ease the resistance would be equal 
to only the fourth part of 150 pounds/ because 
the square of i is equal to i. * 

Emma, You said that the air was generalfy 
themedium^by whieb sound is conv^ed to our 
ears; is it not always so ? 

Father. Air is adways a good conductor of 
sound, but water is a stftl better. Two stones 
being struck together under water, the sound 

* Th€ aquate of any nnmber bcingr the number multiplied 
jnto itself, iXi-*. 
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may be heard at a greater diataaee by an ear 
placed under water in the same rlFer, than it 
ean throagh the air. In calm weather a whisper 
may be heard acroaa the Thames. 

The slightest scratch of a pin at one end of a 
long piece of timber, may be heard by an ear 
appHcMl near the other end, though it could not 
be heard at half the distance through the air. 

The. earth is not a bad conductor of sound : 
it is said, that by applying the ear to the ground, 
the trampling of horses may be heard much 
sooner than it could through the medium of the 
air. Recourse has sometimes been liad to this 
mode of learning the approach of a hostile 
army. 

Take a long strip of flannel, and in the mid- 
dle tie a common poker, which answers as well 
as any thing, leaving the ends at liberty ; these 
ends must be rolled round the end of the first 
finger of each hand, and then stopping the ears 
with the ends of these fingers, strike the poker, 
thus suspended, against "any body, as the edge 
of a steel fender ; the depth of the tone which 
the stroke wil| return is amazing; that made 
by the largest church-bell is not to be compared 
with it — ^Thos it appears that flannel is an ex- 
eellent conductor of sound. > 
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of Sound. 

Father. We shall devote this conremtton to 
the consideration of some curious circumstancea 
relating to sound ; wHich, as depenOing upon the 
air, will come very properly under' IHieumatics. 

Charles, You showed us yesterday that Utab 
0lToke niiiade by the elapper of a bell was not 
audible, wheti it was under an exhausted re- 
reiver ; is the air the cause of sound ? 

Father. Certainly in many cases it is : of this 
i^ind is thunder* the most awiul sound in luture : 



-The «ir i* vehicle <^ aoimd ; 



Bemove b«t thcelwtic pake of air^ 
* And the same ear which now delighted feels 
The nice distinction of the finest notes, 
WiMild not discern the'tliuiider from a breeze. 

Emn^a* Is thunder produced by the air? 

Father* Thunder is generally supposed to be 
produced by the coocussioD or striking together 
of two bodies of air; for lightning, darting 
through the air, causes, by iU great velocity, a 
vacuum, and the separated bodies of air rush* 
^ng together produce the noise wa eall thunder.. 
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The same etSoetf only in minialaie, is prodoeed 
l»3r the inflammation of goiqiowder* 

Charles. Can the report of a hr^ eaonon be 
called a miniatore imitation ? I remember bein^r 
once in a room at the distance of bat a iew 
paces from the Tower gons when they fired, and 
the noise was infinitdy worse than any thunder 
that I ever heard. 

Father. This wasbecaose you were near to 
them : ganpowder^ ao tremendoas as it is in air, 
when inflamed in a Tacaum makes no more 
sound than the bell in like cireumstances. 

Mr. Cotes mentions a very carious experi-. 
ment, which was.contrived to show that sound 
cannot penetrate through a vacuum. A strong 
receiver, filled with common atmoq>heric aj^, 
in which a bell was suspended, was screwed 
down to a brass plate so tight that no air could 
escape, and this was included in a much larger 
receiver. When the air between the two re- 
ceivers was exhausted, the sound of the bell 
could not be heard. 

Emma. Could it be heard before the air was 
taken away ? 

Father. Yes : and also the moment it was re* 
admitted. 

Charles. What is the reason that some bodies 
sound so much better than others? Bell-metal 
is more musical than copper or brass, and thjese 
fu>und much better than many other substances. 

Father. Ail sonorous bodies are elastic, the 
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parts 6f which, by J)ercu88iofi, are made to vi- 
-brate : and so loag as the vibrations continue, 
corresponding vibrations are communicated to 
the air, and these produce sound* Musical 
chords and bells are instanees that will illustrate 
this. 

JEmmm. The vibrations of the bell are not 
visible ; and musical chords will vibrate after 
the sound has vanished. 

Father. If light particles of dust be on the 
outside of a bell when it is struck, you will, by 
their motion, have no doubt but that the parti- . 
cles of the metal move too, though not sufB- 
cientiy to be visible to the naked eye : and though 
the motion of a musical string continues after 
the sound ceases to be heard, yet 4t does not 
follow that sound is not stiH produced, but only 
that it is not sufficientiy strong to produce a 
sensation in the ear. You see in a dark night 
the flash of a gun, but, being at a considerable 
diBtAwie from it, you hear no report. If, how- 
ever, you knew that the light was occasioned 
by the inflammation of gunpowder, in a mus- 
ket or pistol, you would conclude that it was 
attended with a sound, thouf^ it was not suffi- 
ciently strong to reach the place where you are. 

Charlu* is it koown how far sound call be 
heard? 

Father. We are assured, upon good autho- 
rity, that the unassisted human voice has been 
Jieard at the distance of ten or twelve miles; 



namely from New to Old Gibraltar. And in 
the famous sea-fight between the English and 
Dtttchy. in 167JS) we sound of cannon waa heard 
at the distance of two hundred miles from Ihe 
place of action. — In both these cases^ the sound 
passed over water ; and it is well known that 
sound may be always conveyed much farther 
aloDg a smooth than an une^^en surface. 

Experiments have been instituted to ascertain 
how much water, as a conductor of sound, was 
better than land ; and a person was heard to read 
very distinctly at the distance of 140 feet on the 
Thames, and on land he could not be heard far- 
ther than 76 feet 

, Emma. Might not there be interruptions in 
the latter case? 

Father, No noise whatever intervened b v land, 
but on the Thames there was some occasioned ' 
by the flowing of the water. . 

Charles. As we were walking last summer 
towards Hampstead, we saw a party of soldiery, 
firing at a mark near Chalk Farm, and you de« 
sired Emma and me to take notice, as we ap* 
proached the spot, bow much sooner the report 
was heard after we saw the flash than it was 
when we first got into the fields* 

Father. My intention was,, that you jihould 
know from actual experiment that sound is not 
conveyed instantaneously^ but takes a certain 
time to travel over a given space. 

When you stood close to the place, did you 
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^oot observe tbe smoke "and h^ar the re^rt at 

tfa& sam^ ifiBtant ? 

:. JBmma. Yes, V9te did. ' 

Faihtr. Then you afe satUiSed that the Itght 
of the flash, ami the report^ are alwayar pro- 
duced together. The former comes to the eye 
with the velocity isf light, the latter reaches the 
«ar with the velocity with which sound travels: 
" if then light travels faster than soand, you will 
^ any coraiderable distance from a gan that is 
fired, see the flash before you hear the report. 
Do you know with what velocity light travels ? 

CAarlis. At the rate of 12 millions of n^iles 
in a minute.* 

Rtther. With regard Uien to several hundred 
yards, or even a few miies, the motion of' light 
may be conmdered as ioslantaneOus ; that is, 
there^wouldWno aisignabie difleredee of time 
to two oteiervers, OBie of whom should stand sit 
tbe breech of the gun, and the other at tbe dis- 
ttEltee of six;- or eighty m* ten miles from it. « 

Emma. This I understand, because 10 miles 
ifttts tiothing when compared with 12 nnllions. 

Fathtr* Now sound travels only at the rate 
of about 13 miles in a minute; therefore, as 
time is easily divisible into seeoods^ the pro* 
gresstve motion of sound is readily marked^ by 
means of a stop-wateh : consequently, if persons 
situated, some close to a gun when it isdiseharg* 

* See Vol. I. Of Astronomy. ConrerMtioii XLYII. 
VOL. n. — ^R 
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ed, others at a quarter of a mile from it^ and 
others at half a mite, and so oa ; they will all 
see the flash or smoke at the same instaiity but 
the report will reach them at different timea 

CharJes. Is it certaia that sbaodv of aUldada 
travel at this rate ? 

FtUheTi A ^eat variety of expertmeots have 
been made on the sabject, and it seems now 
generally agreed that «ound travels with a ve- 
locity that is equal to 1 142 feet in a aeoond of 
time. 

Emma. Then with« a ^op -watch you eoidd 
hs^ve told how far we were from the &riogwhen 
we first saw it. 

Father. Most easily; for I should have eount- 
ed the number of seconds that elapsed between' 
the flash and the report^ and then have multi- 
plied 1142 by the number, and I shoirid have 
had the exact distance in feet between us and 
the gun. 

Charies. Has this knowledge been applied'to 
any practical purpose ?. 

Father. It has frequently been used at sea^ 
by nighty to know the distance of a ^ip that 
has fired her wtftch-guns. Suppose you were 
in a vessel^ and saw the flash of a ^un, and be- 
tween that and the report *24 seconds elapsedy 
what would be the distani^e of one vessel from 
another ? 

Emma. I should* multiply 4 142 by 24, and 
then bring the product into miletiy which in this 
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&Mtanee is.eqoftl to son^tbiog more thtn. ftre 
miles. 

Father. The mischief oeeasioi^ed by ligbtoing 
ia f^opposed to depend mueh on the distance at 
which the storm is from the spot from whence 
it is seen^ 

dy counting the number of seconds elapsed 
between the Sash of lightning and the clap of 
thunder, you may ascertain how far distant you 
are from the storm. 

Chark»* I should like to have a stop-watch, 
to be able to calculate this for myself. 

Father. As it will^ probably, be some time 
before you become possessed of this expensive 
instrument, I will tell you of somethings whldi 
you have always about you, and which wiju 
answer the purpose. 

Emma. What is that, papa ? 

Father. The pulse at your wrist, which, in 
Jieahhy people, generally beats about 75 timetf 
in a minute :* in the same space of time sound 
flies 13 miles: therefore, in one pulsation sound 
pusses over 13 miles divided by 75, that, is 
about 915 feet, or the |th part of a mile,, coose^ 
quentty in six pulsatrans it will pass over a mile. 

Bmma. If I see a. flash of ligfatutng, and be- 
tween that and the thunder I count at my wrist 
36 or 60 pulsations, J say the distance in 009 
case is equal to six miles, in the other ten. 

w 

* Jn ctiildren the pv^ \% iHort rapUU 



'Father. 'You «re Hgbt : and thki method 
willy for tjie present, be sufficiently accurate for 
M your purposes. 



CONVERSATION XXXfV. 



■ of tbe Spe»]cin|^-Trumpet. 

^ Charles. I ba>ee been thinkiag about the na- 
ture of sound, and aoi ready to ask what it it ; 
Icanoonceive of particles of light issuing firom 
the sun, or other luminous bodies, but I know 
not what sound is. 

* Father. It would be but of little use to give 
you a definition of aound, but I will endeavour 
to illustrate the subject. Sound is not a body 
like light, but it depends on the concussion or 
striking together of iDther bodies that aire elas- 
tic, which being put into a treniuious motion, 
exette a wave in the surrounding air. 
, Emma. Is it such a wave as we see in the 
pond when it is ruffled by the wind ? 

Father. Rather such a one as is proditced by 
throwing a pebble into stifl water. 

Charles. I have often observed this; the sur- 
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fiice of the water forms itself into circular 
waves. 

Father, It is probable that the tremulous mo- 
tion of the parts of a sonorous body communi- 
cate undulation in the air in a similar manner. 
Two obvious circumstances must strike every 
observer with regard to the undulations in wa- 
ter, (1.) The waves, the farther they proceed 
from the striking body, become less and less, 
till, if the water be of a sufficient magnitude, 
they become invisible, ahd die away. The same 
thing takes place with regard to sound ; the 
farther a person is from the sounding body, the 
less plain it is heard, till at length the distance 
is too great for it to be audible : and (2.) the 
waves on the water are not propagated instan- 
taneously, but are formed one after another in 
a given space of time. This, from what we 
hav« already shown, appears to be the manner 
in which sound is propagated. 

Emma. Is sound the effect which is produced 
on the ear by the undulations of the air ? 
' Father. It Is : and according as these waves 
are str^inger or weaker, the impression, and 
consequently the sensation, is greater or less. 
If sound be impeded in its progress by a body 
that has a hole In it, the waves pass through 
the hole, and then diverge on the other side as 
from a centre* • Upon this prioeiple the speak* 
ing'trufnpet is constructed. 
Charles* What is that, sir ? 

r3 
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Faiier. It is a long tube, oaed for the pur* 
pose of making the voice heard at a considera- 
ble distaoce : — ^the length of the tube is from 
6 to 12 or 15 feet, it is straight throughout, 
having at one end a large aperture, and the 
other terminates in a proper shape and size to 
receive the lips of the speaker. 

Emma. Are these instruments much in u^e ? 

Paiher. It is believed that they were more 
used formerly than now ; they are certainly of 
great antiquity; Alexander the Great made 
use of such a contrivance to communicate bis 
orders to tl^e anny ; by means of which it is 
asserted he could make iiimself perfectly under*' 
stood at the distance of 10 or 12 miles* Stentor 
is celebrated by Homer as one who could c^l) 
louder than fifty men : 

Heaven's eihprem minglefl with the mortiil crowd* 
And shouts, in Stihtob's soundioff voice sloud : 
Stentor Uie strongs endued with orate^ hmgi^ 
Whose throat surpass'd the force of fifty tongues. 

Pon's HoMXB, B. T. L 9r6. 

From Stentor the speaking-trumpet has been 
called the stentorophonic tute. 

Charles. Perhaps Stentor was employed in 
the army for the purpose of communicating or* 
ders of the general, and he might make use of 
a trumpet for the purpose, and that- is what is 
meant by brazen lungs. 

Father' That is not an improbable conjee* 



I 
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f ture. Well, besides speaking-'trumpets, there 
A are others contrived for assisting the hearing of 
i deaf persons, whioh differ but little from the 
I speaking-trumpet 

I IC A and B (Plate vz. Fig. 24.) represent two 

I trumpets, placed in an exACt line at the distance 

of 40 feet or more from one another, the smlill- 
I est whisper at«a would be heard distinctly at 6; 

I flo that by a contrivance to conceal th6 trumpets, 
I many of those speaking figures are constructed 
I which are frequently exhibited in the metropo- 

) lis and other large towns. 
) Mmma. I see how it may be done; there 

\ must be two sets of trunipets, the one connect- 
[ ed with the ear of the image into which the 

spectator whispers, and which conveys the sound 
to a person in another room, who by tubes con- 
nected with Uie mouth of the image returns the 



Answer.* 



Charles. How are the lips set in motion ? 

Father. Very easily, by means of a string or 
wire passing under the floor up the body of the 
image. 

* Br. TbuBgy in his exodlcnt Lectures on Natond Pbilo- 
flophy. flays tbat the exhibition of the inviaible girl is per- 
formed by conveying the sound through pipes, artfully jcon- 
cealedy voA opening opposite the mouth of the tnunpet 
Ibom whidi it seems to ptoeeed. Vot I. p. 576. 
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CONVERSATION XXXV. 



Of the Echo. 

Father. Xiet us turn our attention to another 
curious subject relating to sound, and which 
depends on the air ; I mean the echo. 

Emma, I have often been delighted to hear 
my own words repeated, and I once asked 
Charles how it happened that if I stood in a 
particular spot in the garden, and shouted loud, 
my words were distinctly repeated ; whereas if 
I moved a few yards nearer to the wall,l had no 
answer ? He told me that he knew nothing more 
than this, that in a part of Ovid's Metamor- 
phoses, Echo is represented as having been a 
nymph of the woods, but that pining away in 
love, her voice was all that was left of her. 

Charles. I did ; and you shall hear a trans- 
lation of the whole passage : 

So wondrous are the effects of restless piun. 
That nothings hut her voice and bones remain^ 
Nay, e'en the very bones at last are gone* 
* ' And mfetamorphos'd to a thoughtless stone ; 
Tet still the voice does in the wood survive i 
The form's departed* but the sound's alive. 

Emma. But these lines say nothing of Echo 
being a nymph. 
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Charles. WeU,.tb«n, here ai^o others applied 
immediately to Echo : 

A nymph she was, though only now a sound. 
Yet of her tongite no other use was found, 
' •TluCn now she has ; whicH never eotild be more 
Thin to.lrepMt^ what site ha^ beard befipre. 

Father* I doubt this will give your sister but 
little satisfaction re.spedting the cause of the 
echo which she has often heard, and which she 
majr still hear in the gardeo. 

Emma. No^I cannot conceive why a nymph 
of the woods should take up her residence in 
our garden, and the more so as I never saw her* 
[ Father. If she is a mere sound, you eannot 
see her: I will endeavour to explain the sub- 
ject : — When ypu throw a pebble into a small 
pool of water^^hat happens to the waves \vhen 
they reach the margin? 

Charles. They are thrqwn back again. 

Father. The sanae happens with regard to 
the undulations in the air, which are the cause 
of sound. They strike against any surface' 
fitted for the purpose, as the side of a hoAse, a 
brick wall, a hill, or even against trees, and are 
reflected or beat back again : this is the cause 
of the CQhp. 

fimma^ I wonder then that we^ do not hear 
echoes more frequently*^ 

Futhtri There must be several concurring 
cfircumstances before an echo can be produced. 
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For an echo to be heard, the ear imist be in (be 
line qf reflection. 

Charles, I do not know iwbat yoil mean by the 
line of reflection. 

Father^ I cannot always avoid using terma 
that have not been previously explained.' This 
is an instance. I will, however, explain what 
is meant by the line of .incidence, and the line 
of reflections. When you come to Optics, these 
•ubjects will be made very familiar to you. 
You can play at marbles ? 

Chartes. Tes, and so can Emma. 

Father. It is not a very common amusement 
for girls ; however, as it happens, I shall find ^ 
sny advantage in it, as she will the more readily 
enter into my explanation. 

Suppose you were to shoot a« marble against 
the wainscot, what would haj^pen ? 

Charles. That depends on the direction in 
which I shoot it: if* I stand directly opposite 
to the wainscot, the marble will, if I shoot it 
strong enough, return to my hand. 

Fqther. The line which the marble describes 
in going to the wall, is called the line qf inci^ 
dence^ and tiiat which it makes in returning is 
Hln^ line of reflection. - 

Emma. But they are both the same. 

Father. In this particular instance, they are 
so : but suppose yoiu shoot obliquely or side* 
ways against the board, will the marble return 
to the band ? 



* Ch^f^. 0, »Q ! it will fly. off sideways in a 
contrary directiop. 

Father^ There the line it describes h^ori the 
9trokej or ^he line of incidence, is different from 
that of reflectiony which it makes €ffter the 
^jtroke. I will give you another; inatance : if 
y CM stand before the lookiog-glass you see your^ 
self, because the rays of light flow from you, 
and are reflected b^ck again in the same Kne. 
But let £mnia stand on one side of the room, 
and you on the other r-^ypu both see the glass 
at the upper end of the room*. 
. JEmmap Ye% and I see Charles in it too. 

Charksi I see Emma, but I do not see my« 
aelf. 

Father^ This happens just like tl?e marble 
which you shot sidaways. The rays Ijowfrom 
!Emma obliquely on the glass^. upon which they 
0trike, and fly ofi* in a contrary direction, and by 
them yo|J see her. I will apply this to sound. 
— If a |>ell a (Blate Vn. Fig. 35*) beBtruck, 
and the undulations of the air strike the wall 
c </ in a perpendicular direction, they will* be 
rcdeded back in the same line ; and if a person 
were properly -situated bet weep o and e, as is^ 
as, he would hear the sound of the bell by means 
of the uodulaUons as they went to the wall, 
aqd he would hear li again as they came back, 
which would be the echo pf the first sound. ^ ^ 

Emma* J now understand the distincttton bef 
tween the direct sound and the ecbo^ 



Father. If the unduiatioits ilrike the ^all 
obliquely, they wili, trke the marble ftg«ia3t the 
waiDseot, or the ray^ of light a^inst the gla^ 
fly off again obliquely on the other sltle, in a 
reflected line, as ir m; aow if there be a hilt or 
father obstaeie between' the beil and the place 99^ 
whese a person happens to be standings he wiU 
not hear the direct sound of the bell, bat only 
the echo of it/ and to him the sound will come 
along the line c m. 

Charles. I have heard of places wh^e the 
sound is heard repeate<l several times. 
. Father. This happens when there are a num- 
ber of walls^ rocks, &c. which reflect the sonnd 
from one to the other ; and where a person hap- 
pens to stand in such a situation as to intercept 
all the lines of refiectioil. These are galled tau- 
tological or babbling echoes : 

* Bubbling: echo mocks the hounds^ ^ ^ 

BepWing shriliv tolhe weU-tunM hornsi^ 
As if a double hunt, were heara at once.^ 

Theris can be no echo unless the direct ted 
reflectied sounds follow one another at a snffiei- 
ent interval of time; for if the latter arrive at 
the ear before the ImpressiDn of the direct soudi} 
ceases, the sound will not be doubled, but only- 
rendered more intense. 

. Emma. I19 there any rule by which the time 
mav be ascertained ? ^ 
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Father: Yes, there is; I will begin with the 
most simple case. If a person staoci at x (Plate 
VII. Fig. 25,) in order that theeoho may be dis* ^ 
tinct, the difference between the space a x, and 
a c added to c Xj must be at least 127 feet. 

CharleSf The space through which the direct 
sound travels to a person \s a x, and the wholo *- 
direct line to the wall is a c* besides which it 
has to come back through c a? to reach the per- 
son again. All this I comprehend : but why do 
you say 127 feet in particular ? 

Father, It is founded on this principle. . By- 
experience it |s known that about nine syllables 
can he articulately and distinctly pronounced in 
a second of time. But sound travels with the 
velocity of 1142 feet in a second, therefore in 
the ninth part of a second it passes over 
1142 
— — , or 127 feet nearly, and consequently the 

9 ^ 
reflected sound, which is the echo, to be dis- 
tinct, must travel over at least 127 feet more 
than the direct 

Emma. If c din the figure represent the gar- 
den wall, ho^^ far must I oe from it to hear dis- 
tinctly arty 'word I utter? will 69 or 64^ feet be . 
eufficient, so that the whole space which the 
fiound has to travel be equal in this case also to 
127 feet? 

Father, It must be something more than this, 
because the first sound tests a certain time on ^ 
VOL. n. — s 
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the ear, which should vanish before the echo 
returns, or it will appear a continuation of the 
former, and not a distinct sound : it is generally 
supposed that the distance most not be less than 
70 or 7^ feet ; and this will give the distinct 
echo of one syllabie only. 

Charles. Must the distance be increased in 
proportion to the number of syllables that are 
to be repeated ? 

Father. Certainly ; and at the distance of 
about 1000 or 1200 feet, eight or ten syllables, 

Eroperly pronounced, will be distinctly repeated 
y the echo. 
I will finish this subject to*morrow. 
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of the Echo. j 

Father^ The following are among the most | 
celebrated echoes. At Rosneath, near Glasgow, 
there is an echo that repeats a tune played with ] 
a trumpet three times completely and distinct- 
ly. Near - Rome there was one that repeated 
what a person said five times. At Brufisels 



there 10' an echo that answers 15 times* At 
Thornbury Castle, 61oucestershire» an echo re- 
peats 10 or 11 times Tery distinctly* Between 
Coblentz and Bingen an echo is celebrated as 
different from most others* In comlnon echoes, 
the repetition is not heard till sonie time after 
hearing the words sjpoken or notes sung ; in 
this Uie person who speaks or sings is scarcely 
heard; but the repetition is perceimi very clear-* 
ly, and in surprising varieties: the echo m 
somt cases appears to be approaching, in others 
receding: soiizetimes it is heard diatinetly, at 
others scarcely at all : one person hears only 
one voice, while another. hears several. And 
to mention but one tnore instance, in Italy, neaif 
Milan, the sound of a pistol is returnod 56 
times. 

Emma. This is indeed 

To feteh ibrin ecfcoet from their lioOow eaitb. 

Fajther. The ingenious Mr. Derham applied 
the echo to measuring inaccessible distances, 

Charles* How did he do this ? 

Father. Standing on the banks of the Thames, 
opposite Woolwich, he observed that the echo 
of a single sound was reflected from the houses 
in three seconds, consequently in that time it 
had travelled 3426 feet, the half of which, or 
1713 feet, was the breadth of the river in tba| 
p^articQlar place. 
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Did yoa ever hear of the WhUperiog-Galle- 
ry in tiie dome of St Paul's Church ? 

Emma. Yes : and you promised to take ua to 
see it some time. 

Father. And I will perform my promise^ In 
the mean time it may be proper to inform youy 
that the circumstance that attracts every per* 
son's attention isy that the smallest whisper 
made against the wall on one side of the*gUle- 
ry is distinctly heard on the oth^ side. 

Charles. Is this effect produced on the prin* 
eiple of the echo ? 

Father* No; the undulations caused in the 
air by the yoice are reflected both ways round 
the wall, which is made very smooth, so that 
none may be lost, and meet at the opposite side ; 
consequently, to the hearer, the sensation is the 
same as if his ear were close to the mouth of 
the speaker. 

Emma. Would the effect be the same if the 
two persons were not opposite to one another? 

Father. In that case the words spoken would 
be heard double, because one arch of the circle 
being less than the other, the sound will arrive 
at the ear sooner round the shorter arch than 
round the longer one. 

Charles. You said the wall is very smooth : 
is there a'material difference, in the conveyance 
of sound, whether the medium be rough or 
smooth ? 

Father. The difierence is very great Still 
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water is, perhaps, the best condaetor of sound : 
the echo which I mentioned in the neighbour- 
hood of Milan» depends much on the water over 
which the villa stands. Dr. Button, in his Ma* 
thematieal Dictionary, gives the following in- 
stance as a proof that moisture has, a considera* 
ble effect upon iKHind* A house in Lambeth* 
marsh is very damp, during winter, when it 
yields an echo, which abates as soon as it be- 
comes dry in summer. To .increase the sound 
in a Theatre at Rome, a canal of water was car^- 
ried under the floor, which caused a g;reat dif- 
ference. , 

After water, stone is reckoned a ^od con- 
ductor of sound, though the tone is rough and 
disagreeable : a weU*made brick wall has been 
known to convey a whisper to the distance of 
200 feet neariy. Wood is sonorous, and pro- 
duces the mosjt agreeable tone, and is therefore 
the most proper substance for musical instru- 
ments ; of these we shall say a word or two be- 
fore wei}uit the subject of sound. 

Emmn, AH wind instnimentii, as flutes, trum'* 
pets, &LCr must depend oa the air : but do string- 
ed instruments? 

Father* They all depend on the vibrations 
which fliey make in the surrounding air. I wiU^ 
illustrate what I have to say by means of the 
£olian harp. 

If a cord eigbt or ten yards long be 8tQ»tcb-t 
ed very tight between two points^ and then 

93 
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struck wit^ a slick, the whole striag will not 
vibrate^ but there will be several still plaees ia 
' it, between which the eordwill moye^ rfow the 
air acts ^ipon the strings -of the harp in the 
same manner as the stroke of the stick upon the 
long cord just mentioned. 

Charles. Do not the different notes upon a 
▼ioUn' depend upon the different length of the 
striugs, which is varied by the &»ge;rs of the 
musician. 
' . Father, They do; and the current of air acts 
upon each string, and divides it into parts, as 
so many imaginary bridges. Hence every string 
in an Eolian harp, though dl are in unison, be- 
comes capable of several sounds, from which 
arises the wild and wonderftd harmony of that 
instrument 

The undulations of the air, caused hy the 
quick vibrations of a string, are well illustrat- 
ed by a sort of mechanical sympathy that ex«> 
ists among accordant sounds^ ff two strings 
on different instruments are toned ia.«fiison, 
and one be struck, the other will r^ly, tboogh 
they be several feet distant from one another* 

Emma. How is this accounted for ? 

Father. The waves made by the first string, 
being of the same kind as would be made 1^ 
the second if struck, those waves give a me* 
ehanical stroke to the second string, and produce 
its sounds 

Charks. If all the strings on the Eolisn haip 



are set to the same note, will they all yibrate by 
striking only one, > 

Father. Th«ky will t but the fact is well illus- 
trated in this method ^ bend little liits of paper 
over each stringt and then strike one sufficient-* 
ly t<5 shake off its paper, and you will see the 
others fall from their strings. 

Emma. Will not this happen if the strings 
are not, in unison ? 

Father. Try for yourself, alter the notes of 
all the strings but two, and place the papers on 
again : vibrate that string which is in unison 
with another. 

Emma. The pap«*8 on those are shaken off ; 
but the othet« remaifi. 

Father. A wet tinger pressed round the edgi 
of a thin drinking«glass, will produee iti key i 
if tiie (^ass be struckao as to prodqee its pitoh^ 
and an unison to that piteh be strongly eiteittfi 
on a violoneelto, the glass wilt be set in motion, 
and if near the edge of the tab1e» will be liable 
to be shaken qC 
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Of the Winds. 

Father. You know, my children, wkei the 
wind is. 

Charles, you told us a few days ago, that 
yoa should prove it was only the air in motion. 

FaiMr. I can show you in minature, that air 
in motion will produce effects sinailar to those 
produced hy a violent wind. 

r place this little mill under tlie receiver of 
the air-pump, in such a manner, that the air 
when re-entering may catch the vanea. I will 
^xhaiist the air ; — now observe what happens 
]vb0o the stop-cock is opened. 

Emfnfii. The vane9 torn round with an incre- 
di)bi0 yelooity ; much swifter thun ever I s^tw 
the vaqps of a real wind-mill. But what puts 
the air in motion, so as to cause the wind ? 

Father, There are, probably, many conspir- 
ing causes to produce the effect The principal 
one i^ems to be hea^ communicated by the sun. 

Chfirle^. Does heat produce wind ? 

Father, Heat, you know, expands all bodies, 
consequently it rarefies the air, and makes it 
iigbtt r. But you have seen diat the lighter 
fluids ascend, and thereby leave a partial tacn* 



iim, towards which the surroanding heavier air 
presses, with .a greater, or less motioo, acoord* 
ing to the degree of rare£Ktion or of heat which 
produces it The air of this room, hy means 
of the fire, is much warn^r than that in the pas« 
aage. 

Emma. Has that in the passage a tendency 
into the parlour? 

Father. Take this lighted wax taper, and 
hold it at the bottom of the door. 

Emma^ The wind blovirs the flame Tiolently 
into the kxhq. 

Father. Hold it now at the top of the door. 

Charles. The flame rushes outwards there. 

Father. This simple experiment deserves 
your attention. The heat of the room rarefies 
the air, and the lighter particles ascending, a 
partial vacuum is made at the lowev (>art of the 
room ; to suj^y the deficiency , the dense out* 
ward air rushes in, while the lighter particles, 
as they ascend, produce a current at the top of 
the door out of the room. If you hold the ta- 
per about the middle space between the bottom 
and top, you will find a part in which the flame 
is perfectly still, having no tendency either in^ 
wards or outwards. 

The smoke jack^ sp common in the chimneys 
of large kitchens, consists of a set of vanesi 
something like those of a wind-mill or ventila- 
tor, fixed to wheeUwork, which are put in.«io- 
tion by the current of air up the chimney, pro- 
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^ced fay the heat or tile fire, and of bourse ilia 
force of the jack depends on the strength of the 
fire, and not upon the quantity of smoke, as the 
aarae of the machine would lead you to sup- 
pose. 

Emma. Would you define the wind as a cur* 
rent of air ? 

Father. That is a very proper definition : and 
its direction is denominated from that quarter 
from which it Mows. 

Charles. When the wind blows from the 
north or south, do you say it is in the former 
ease a north-wind, and in the latter a south- 
wind ? 

Father, We do. The winds are generally 
considered as of three kinds, independently of 
the names which they take from the points of 
the compass from which they blow. These ard 
the constant, or thosie which always blow in the 
same direction: the periodical^or those which 
blow six months in one direction, and six in 
a contrary direction: and the variable j which 
appear to be subject to no general rules. 

Emma^ Is there any place where the wind 
tlways blows in one direction only ? 

Father, This happens to a very large park of 
the earth ; to all that extensive tract that lies 
between es or 30 degrees north and south of 
the equator. 

(Oharles, What is the cause of this ? 

Fathtr. If you examine the globe, you wili 
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9ee* that the aipparent course of the $un is from 
east to west, and that it is always irertieal to 
some part of this tract of ooi* gtebe ; and since 
the wind follows the saof it must^ of neeesstljTf 
blow in one direction constantly. 

Emma. And js that iiue east^ 

Father* It is only so at the equator : for'oii 
the north of jthis Hne the wind declines a litt^ 
to the north point of the compass, a^ad this the 
more so as the place is situated farther towards 
the north ; on the south side the wind will be 
southerly* - 

C/utrles. The greater part of this tract of the 
globe is water ; and I have heard you say^ that 
transparent mediums do noi receive heat froqi 
the sun. 

Father* The greater part is certainly water : 
but the proportion of land is not sixyall : almost 
the whole continent of Africa, a great part of 
Arabia, Persia, the East Indies, and China, be* 
Bides nearly the whole of New-Holland^and nu-* 
meroas islands in the Indian and Pacific oceans: 
and in the western hemisphere, by far the great- 
est part of South America, New Spain, and the 
West India islands, come within the limits oC 
30 degrees north and south of the equator* 
These amaziogly lai^ge tracts of land imbib^ 
the heat, by which the surrounding air is rare- 
• 

* It is mkpp09nd the reader i» a^uainted witk ibt ftrat 
'^dftimc' of the SctentHi<? Di|dopies« 
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fied^ and thus the wind becomes constant j or 
blows in one direction. 

You will also remember, that neither the sea 
nor the atmosphere are so perfectly transparent 
as to transmit all the ray;B of the solar light; 
many^ are stopped in their passage, by which 
both the sea and air are warmed to a considera- 
ble degree. These constant or general .winds 
are usaaliy called trqde'-winds. 

Emma. In what part of the globe do the/7e* 
nWi>a/ winds prevail ? 

Father. They prevail, in several parts of the 
eastern and southern oceans^ and evidently de- 
pend 01) the sun ; for when the apparent motion 
of that body Js *north of the eqiMttor, that is, 
from the end of March to the same period in 
September, the wind sets in from the south- 
west ; and the remainder of the year, while the 
sun is sooth of the equator, the wind blows from 
the north-east These are called the monsoons,* 
or shifting trade-winds, and are of considerable 
importance to those w\io make voyages to the 
East Indies. . ' 

Charles. Do these changes take pkee sud* 
denly? ' ^ • 

Father. No : some days before and after the 
change, thete are calms, variable winds, and 
frequently the most violent storms. 

On the greater part of the coasts Mtuated be* 
tween the tropics,- the wind blows townrds the 
shore in the day-time, and. towards the sea by 



breezes) they are affected by mountaiDS, the 
eourte of rivers, tides, &c. 

£tmha. Is it the heat of the sun by day that 
rarefies the air over the land, and thus causes the- 
wind? 

Father. ^It is; the following easy experiment 
will i|Iusti^t» the sul^cL 

In the middle of a large dish of cold water 
put a watOT-plate filled with hot water : the for- 
mer represents the ocean, the latter the laod 
rarefying the air Over iL Hold a lighted can- 
dle over the cold water, and blow it out; the 
smoke, you see, moves towards the plate. Re- 
verse the experiment by filling the outer vessel 
with warm water, and the plate with cold, th6 
smoke will move from the plate to the dish. 

Chariea. In this country there is no regulari- 
ty in .thoF direction of the winds ; sometimes the 
easterly winds prevail for several days together, 
at other times! have noticed the wind blowing 
from all quarters of the compass two or three 
times in the same day. 

Father. The variableness of the wind in thii 
isluid depends mvbably on a variety of causes; 
for whatever destroys the equilibrium in the 
atmosphere, produces a greater or less current 
of wind towairds the place where the rarefaction 
exists. 

It is generally believed that the electric fluid, 
which abounds ia,lhe air, is the principal eauN 
TOL. n — T 3 
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of the varmbleness of the wind here. Yo^r may 
often see one tier of clouds moving in a certain 
direction, and another In a contrary one; that 
is, the higher clouds will be moving p^haps 
north or east, while the weathercock stands 
directly south or west. In cases of this kind^ a 
sudden rsirefaction must have taken place in the 
regions of One set of these clouds, and conse- 
iquently the equilibrium destroyed. This phe- 
nomenon is frequently found to precede a thun- 
der-storm ; from which it hals been supposed 
that the electric fluid is, in Uiis and such like 
instances, the principal cause in producing the 
wind : and if in the more remarkable aj^iir- 
ances we are able to trace the operating cause, 
We may naturally infer that those which are le!Bs 
so, but of the same nature, depend on a like 
principle. 

Emma. Violent storms must be occasioned 
by sudden and tremendous concussions in na- 
ture. I remember to have seen once last yedr 
(1800) some very large trees torn up by the 
wind. It is difficult to conceive how so thin and 
light a body can produce such dire efiects. 

Ihther, The inconceivable rapidity of light- 
ning will account for the suddenness of any 
storm ; and when you are acquainted wi^th what 
velocity a wind will sometimes move, you will 
not be surprised at the efiects whicb it is capa- 
ble of producing. 
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Charles. Is there any method of ascertainiiig 
the velocity of the wiod ? 

Fqlher. Yes ; several machiDefl have been in- 
vented for the purpose. But Dr. Decham, by 
ineaiH of the Sight of small downy feathers, 
contrived to measure the velocity of the great 
storm which happened in the year 170fi, and 
lie found that the wind moved 33 feet in half a 
second, that is, at the rate of 45 miles per hour: 
and it has been proved that the force of such a 
wind is equal to the perpendicular force of ten 
pounds avoirdupois weight on every square foot. 
Now if you consider the surface which a large 
tree, niUi all its branches and leaves, presents 
to the wind, you will not be surprised, that, in 
great storms, some of them should be torn up 
by the root, 

Emma. Is the velocity of 45 miles an hour 
supposed to be the greatest velocity of the wind? 

Father. Dr. Derham thought the greatest 
velocity to be about 60 miles per hour. But 
we have tables calculated to show the farce of 
the wind at all velocities, from 1 to 100 miles 
per hour. 

Charles, Does the force bear any general - 
proportion to the velocity ? 

Father. Yes, it does : the force increases as 
the square of the velocity. 

Charles. Do you mean, that if on a piece of ' 
board, exposed to a given wind, there is a pres- 
sure equal to 1 pound, and the same board be 
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expoted to aaotfaer wind of double velocity, the 
pressure will be la this case four times greater 
than it was before? 

Father. That is the rule. The following short 
table, selected from a larger one, out of Dr. 
Button's Dictionary, will fix thcTule and facts 
in your memory. 

TABLE. 



Veloci^ of 

the wind, 

in miles 

per hour. 



5 
10 
20 
40 
80 



Perpendicular 

foicc on one 

square foot, 

m pounds 

ayoirdupois. 






.123 

.492 

1.968 

7.872 

S1.488 



Common appeOati^D of 
the winds. 



Grentle, pleasant wind. 
Brisk gale. 
Very brisk. 
Very high \i^ind. 
A hurricane. 



^0TS.-^lIr. Brice discovered* from observations on the 
cloudsy or their shadows moving on the surfiice of the earth, 
that the velocity of wind in a storm was nearly 63 miles ii^ 
9n t^our, 31 ipile* in a ^h £^» an4 nearly XQ miles io^ a^ 
breeze. 
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CONVERSATION XXXVIIL 



Of the Steatn-Eng^ne. 

Father^ If you understand the printsiple of 
the forcing* pump) ydu will easily comprehend 
in what manner the steam-engine, the most Im- 
portant of all hydrostatical machines, acts, 

Charles. Why do yoa call it the mqst iv^ 
portant of all machines? it is not a common one. 

Father. Steam-engines can be used with ad- 
vantage only in those cases where great power 
is required. They are. adapted to the raising 
of water from ponds and walls; to the draining 
of mines; and perhaps without their assistance 
we should not at this moment h^iye the benefit 
of coal-fires. 

JSmmo*. Then there cannot be two opinions 
entertained respecting their utility. I do not 
know what we should do without them in wtn-> . 
ter, or even in summer, since coal is^ the fuel 
chiefly used in dressing our food. 

Father. Our ancestprs had, a century, ago^ 
excavated all the mines of eoal as deep as they 
could be worked without the assistance of theao 
sort of engines. For when the i^lners have dug 
a certain depth below the surface of the earl)i 
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the water pours in upon them from all -sides ; 
consequently they have no means of going on 
with their work without the assistance 'of a 
ateam*engine, which is erected by the side of 

^ the pit, and being kept constantly at work, wiU 

lb' keep it dry enough for all practical purposes. 

I The steam-engine was invented during the 

reign of Charles It., though it was not brought 
to a degree of perfection sufficient for the drain- 
ing of mines till nearly half a century after that 
period. 

Ckaries. To whom is the world indebted for 
the discovery ? 

Father. It is difficult, it is impossible, to 
ascertain who was the inventor. - The mai^uis 
of Worcester described the principle in a sniaU 
work entitled ^^A century of Inventions," which 
was published in the year 1663, and wais re* 
printed a few years since jn London. 

Emma, pid the marquis construct one of 

i these engines? 

Father. No; the invention seems to have 
been neglected for seversd years, when captain 
Thomas Savery, after a variety of experiments^ 
brought.it to some degree of perfection, by 
which he was able to raise water^ in small quaa* 
tities, to a moderate height 

Chayks. Did he take the invention from the 

/I marquis of Worcester's book ? 

^]^ Father. Dr. Desaguliers, who, in the middle 

• of the last century, entered at large into the 
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-chssed all the books which' contained the (lis- 
covery, and burned them. Captain Savery, 
however, declared, that he was led to (he dis- 
covery by the following accident: — "Having 
drank a fissk of Florence wine at a tavern, and 
thrown the flask on the fire, he perceived that 
the few drops left in it were converted into 
steam; this induced hitn to snatch It from the 
fire, and plunge ita neck into a basin of water, 
which by the atmospheric pressure was driven 
quickly into the bottle. " 

Smma. Tlits was something like an experi- 
ment which I have often seen at the tea-table. 
If I pour half a cup of water into the saucer, 
and then hold a piece of lighted paper in the 
cup a few seconds, and when the cup is pretty 
warm, plunge it with the moyth downwards 
into the saut%r, the water almost instantly dis- 
appeant. 

Father. In both cases, the principle is ex- 
actly the same: the heat of the burning paper 
converts the water that hung about the cup into 
steam, but steam bQing much lighter thah air, 
expeU the air from the cup, which being plung- 
ed into Uie water, ihe steam is quickly condens- 
ed, and a partial vacuum is made in the cup; ^ 
■ consequently the pressure of the atmosphere 
upon the water in Uie saucer forces it into the 
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cap, ju^t iti the same manaer as the water fol- 
lows the vacuum ^mac^e in the pump. 

Charles. Is steam^ then, used for the purpose 
of making a vacuum, instead of a piston ? * 

Father. Just so: and Dr. Darwin ascribes 
to captain Savery the honour of being the first 
person who applied it to the purpose of. raising 
water : 

Nymphs \ tou erewbile on siirnnering^ caldrons pI«yM» 
And calPd delighted Satsbt to youraid«. 
Bade round the youth explosits stsav aspire 
In gathering clouds, and wing'd the wave witli fire : 
Bad6 with cold streams the quick expansion stop. 
And sunk the immense of vapour to a drop, 
Press'd witli the ponderous air the piston ntlls , 
Resistless sliding through its iron Walls ; 
Quick moves the balanc'd beam, of giant birth, 
Wields iiis large limbs, and nodding shakes the eartti. 

Emma, I remember the lines very well : will 
you describe the engine, that we may see how 
they apply? 

Father. I shall endeavour to give you a gex 
neral and correct explanation of the principle 
and mode of acting of one of Mr< Watt's ea<- 
gines, without entering into all the minuti^ of 
the several partd. 

A (Plate VIII. JPig. 35.) is a section of the 
boiler, standing, over a fire, about half full of 
water : b is the steam-pipe which cbnveys the 
steam from the boiler to the cylinder c> in which 
the piston d> made air-tightj work;} up and 



THB STEAM^BNOIKE. 



22B 



daWn; ^ and ,c are the st^am^valves, through 
which the steam enters into the cylinder; it i6 
admitted through a when it is to force the pis* 
ton downwards, and through e when it presses 
it upwards, b and d are the eduction valves, 
through which the steam passes from the cy- 
linder into the condenser e^ which is a separate 
vessel placed in a cistern of cold water, and 
which has a jet of cold water continually' pli^y^ 
ing up in the inside of it. / is the air-^pump. 
Which extracts the air and water from the con« 
deniiier. It is worked by the great beam or lever 
B s, and the water taken from the condenser^ 
and thrown into the hot well g, is pumped up( 
itgain by means df the pump y, and carried 
back into the boiler by the pipe i i, k is another 
pumpi likewise workedby the engine itself, 
wjiich supplies the. cistern, in which the con* 
denser is fixed, with water. 

Charles. Are all three pumps, as well as the 
piston, woTk(^d by the action of the great beam? 
' Father. They are: and yba see the piston- 
rod is fastened to the beam by. inflexible bars ; 
but that the (Stroke might be perpendicular, Mr. 
Watt invented the machinery called the parallel 
joint, the construction of which will be easily 
understood from the figujre. / 

Emma. How are the valves opened and shut? 

Father^ I^ng levers o and p are attached to 
them, which are moved up and down by the 
piston-rod of the air-pump b f. In order to 
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the steam is forced from the former into the 
latter, leaving the lower part of the cylinder 
empty, while the 4iteam from the boiler enter- 
ing by the valve a presses upod the piston, and 
forces it down. As soon as the piston has ar- 
rived at the bottom, the ste^aih valve c and the 
eduction valve b lire opened, ^bile those at a 
and d are shut ; the* stoam, therefore, immedi- 
ately rushes through the eduction valve b into 
the condenser, while the fiistpn is forced up 
again by the steum^ which is now admitted by 
the vale c.*^ 
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of the Steam-Engine. 

Charles, I do not understand how the ttvo 
sets of valves act, which you described yester- 
day, as the stelim atid eduction valves. 

* The Mthor is obfiged to Mr. Lowkt^ en|^rer, and the 
]>roprieto]!« of that interesting and uaeful penodical publica- 
tion, entitled " The PhilosopTiicaM^lagaziney comprebepding 
the various Branches of Science, &c. &c." for the drawing 
of a steaqvenginei whiph he has copied with some few alter- 
ttttona* 
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the valve, ami be at the top^f the pluogefy and 
the valvfe not admitting it to jetum, it will, by 
the ascent of the .piston-rod into the situation 
as is shown in the plate, be driven through n in- 
to gy the cistern of hot water, from wbich^ ow- 
ing to a valve, it cannot return. 

Sharks. And I see the same motion of the 
great beam puts the pump y in action, and 
brings over the hot water from the eistern gy 
through, the pipe i i into the little cistern v, 
which supplies the boiler.^ ' 

Emma, If the pump k brings in, by the same 
motion, the water from the well w, do not the 
hot and cold water intcfrmix ? 

Father. No : if you look carefully in the 
figure, you will observe a strong partition v^ 
which separates the one from the other. Be- 
sides, you may perceive that the hot water does 
not stand at so high a level as the cold, which 
is a sufficient proof that they do not, communi- 
cate. Indeed ,the operation of the engine would 
be greatly injured, if not wholly stopped, if the 
hot water communicated with the cold ; as in 
that case the water^ being at a medium heat, 
would be too warm to condense the steam in Cy 
and too cold to be admitted into the boiler with* 
out checking the production of the steam. 

Charhs. There are some parts of the af^a- 

rattis belonging to the boiler which you haye 

not yet explained. What is the reason that the 

pipe y, which conveys the water from the cis- 
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from the cistern come in faster. If, on the other 
hand, the evaporation be less than it ought to 
be, the water will have a tdndtsney to rise in the 
boiler^ and with that the stone must rise, and 
the valve will, consequently, let the water in- 
with less velocity. By this neat contrivance, 
the water in the boiler is always kept at one 
level. 

Emma. What are the pipes / and u for ? 

Father. They are seldom Used, but are in* 
tended to show the exact height of the water in 
the boiler. The one at t reaches very nearly 
to the surface of the water when it is at the 
proper height: that at u enters a little belo^nr 
the surface. If then the vtrater be at its proper 
height, and the cocks t and u be opened, steam 
will issub from ihe/ormerf and water from the 
latter. But if the w^ter be too high it will rush 
out at / instead of steam : if too laWf the steam 
will issue out otn instead of water. 

Charles. Suppose thingis to be as represented 
ill the plate, Why will the water rush out of 
the cock II if it be opened ?, it will not rise above 
its level. 

Father. True : but you forget jthat there is a 
constant pressure of the steam on the surfaee of 
the water in the boiler, whiQh tends to raise the 
water in the pipe u. This pressure would force 
the water through the pipe, as in an artificial 
fountain. See p. 52 and 5^. 
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. Ilereiugh in air the rising stream he pours^ 
To clay-built cisterns, or to letKl-I'med towers ; 
Fresh through a thousand pipes the wave distils, 

. And thirsty cxt&et diink ^' exub^nmt rills. 

Father* It is ; and you mightr have repeated 
the whole passage, in which the steam^&gine, 
repreaented as a giant-power^ is supposed ap- 
plicable to the bringing up of the coals, and 
jother ore from the mine* and to the working of 
ihe bellows at the furnace, in which the ore is 
pelted : 

Fan the white flame, and fuse the sparkling ore. 

"The author refers also to the application of 
ihis engine to various other purposes, such as 
.the working of mills, the threshing.of corn, and 
.coining. In making the copper money now in 
use, the ingenious Mr. Boulton has contrived, 
by a single operation of the steam-engine, to 
^11 the cof^r out to a proper thickness, to cut 
it into circular pieces, and tp make, the faces 
:aDd the edge. 

Charles. |{ow is-the power of these engines 
estimated? 

Father^ The power Varies according to the 
«ize. That at Messrs. Wfaitbread's brewhouse, 
to which I have had access through the kind- 
ness of Mr» Timothy Browti, a gentleman well 
known for his liberality, and attachment to men 
.of science and literature, ha»a oyjinder twenty- 
four inchjBis io ,diameter, and will perform the 
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JEmmn. Why does Dr. Darwin, in the pas- 
sage you quoted the other day, call it explosive 
jiteam ? 

Father. Prom a great Tariety of accidents, 
that have happened through careless people, it 
appears that the expansive^ force of steam, sud- 
denly raised, is mueh stronger than even* that 
of gunpowder. At the cannon foundry, in 
Moorfields, some years ago, hot metal was 
poured into a mould that accidently contained 
a small quantity of water, which was instantly 
converted into steam, and caused an explosion 
that blew the foundry to pieces. A similar ac- 
cident happened at a foundry in Newcastle, 
which occurred from a little water having in- 
sinuated itself into a hollow brass ball that was 
thrown into the melting-pot 

Charles. These, facts bring to my mind a cir- 
cumstance that I have often heard you relate, 
as coming within your knowledge. 

Father. You do well to remind me of it. The 
fact is worth recording. A gentleman who was 
carrying on a*long iseHes of experiments, wish- 
ed to ascertain the strength of a copper vessel^ 
and gave orders to his workmen for the pur- 
pose. The vessel, however, burst unexpectedly, 
and in the explosion, it beat down the brick 
wall of the building in which It was placed, and 
was, by the force of the steam, carried fifteen 
or twenty yards frbm it ; several of the bricks 
were thrown seventy yards from the spot^ a 
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leaden pi|>e suspended from aa adjoining build- 
ing, was bent into a right angle ; and several of 
the men were so dreadfully bruised, or scalded, 
that for many weeks they were unable to stir 
from their beds. A very intelUgent person, whp 
conducted the experiment^ assured me that he 
had oot the smallest recollection how the acci« 
dent happened, or by what means he got to his 
bed-room after it. 

Emma. Is it by the force of steam that bones 
are dissolved in Papin's Digester, which you 
promised to df^scribe ?* 

Father. No ; that operation is performed by 
the great heat produced in the digester. Plate 
VII. Fig. 26. is a representation of One of theafi , 
machines. It is a strong metal pot^. at least an. 
inch thick in every part; the top is screwed 
down, so that no steam can escape but through 
the valve v. 

Charles, What kind of a valve is it ? 

Father. It is a conical piece of brass^ made 
to fit very accurately, but easily moveable by 
the steam of the water when it' boils: conse- 
quently in its* simple state the heat of the water 
will never be much greater than that of boiling 
water in an open vessel. A steel-yard is there* 
fore fitted to it, and by moving the weight w 
backwards or forwards, the steam will have ^ 
lesser or greater pressure to overcome. 

m 

* Sec Vol. L , Of Mechanics^ Conversation ni. 
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lEmma. Is the heat increased by cpnfiningihe 
steam ? • 

Fat her i You have seen that, in an exhausted 
receiver, water not near so hot as the boiling 
point, will haVb the appearance of ebullition. 
It is the pressure of the atmosphere that causes 
the heat of boiling water to be greater in an 
open vessel, than in one from which the air is 
exhausted. In a vessel exposed to condensed 
air, the heat required to make the water boil 
would be still greater. Now by confining the 
steam, the pressure may be increased to any 
given degree. If, for instance, a force equal to 
14 or 15 pounds be put on the valve, the pres- 
sbre upon the water will be double that pro- 
duced by the atmosphere, and of course th^ 
heat of the water will be greatly increased. 

Chartes. Is there no danger to be apprehend- 
ed from the bursting of the vessel ? 

Father, If great care be taken not to load 
this vak-e too much, the danger is not very 
great But in fsxpenments made to ascertain 
the strength of atny particular vessel, too great 
precautions cannot be taken. ' ^ 

Under the direction of Mr. Papin, the pri- 
giniil inventor, the bottom of a digester was 
torn off with a wonderful explosion : the blast 
of the expanded water blew all the coals out of 
flie fire-place, the remainder of the vessel was 
hurled across the room, and striking the leaf 
of an oaken table an inch thick, broke it i9 
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pieces. The least sign of water could not be 
discerned, and every coal was extinguished in 
a moment. 



CONVERSATION XLI. 



"* of the Barometer. 

Father. As these conversations are intended 
to nfiake .you familiar with all those philosophi- 
cal instrumoDts that are in common use^as well 
as to explain the use and structure of those de* 
voted to the teaching of Bcienccy I shall pro- 
ceed with an account of the baroqieter^ whieh 
with the thermometer are to be found in almost 
ev^y house. I will ahow you how the baro- 
meter is made, without any regard to the frame 
to which it is attached. 

A M (Plate VII. Fig. 27.) is a glass tuboy 
about 33 or 34 inches long, closed at top ; that 
is, in philosophical language hermetically seal- 
ed; D is a cup, basin, or wooden trough, part- 
ly filled with quicksilver. I fill the tube with 
tlie quicksilver, and then put my finger upon 
the mouthy ao as to prevent any of it from run- 
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ning out; I now insert the tube^ and plunp^e it 
in the cup d. You see the mercury subsides 
three or four inches ; and when the tube is. fix- 
ed to a graduated frame, it is called a barome- 
ter, or weaker-glass, and you know it is con- 
sulted by those who study and attend to the 
changes' of the weather. 

Emma. Why does not all the quicksilver run 
out of the tube? 

Father, I will answer you, by asking another 
question: what is the reason that water will 
-stand in an exhausted tube, provided the mouth 
of it be pltinged into a vessel of the same fluid ? 

Charles. In that case the water is kept in the ^ 
tube by the pressure of the atmosphere on the 
surface of the water into which it is plunged. 
If you resort to the same principle, in the pre- 
sent instance, why does the water stand 33 or 
34 Jeety but the mercury only M or 30 inches? 

Father. Do you not recoUeet that mercury 
id 14 times heavier than water, therefore if the 
pressure. of the atmosphere will balance 64 feet 
of water, it ought, on the same principle, to 
balance only a 14th part of that height of mer- 
cury : now divide 34 feet, or 408 inches, by 14. 

Emma. The quotient is little more than 29 
inches. 

Father. By this method Torricelli was led 
to construct the barometer. It had been acci- 
dentally discovered that water could not jbe 
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grows light f the. x^ercury JMSf and presagei 
rain, snow, &c.* 

The height of the mercury in the tube is call- 
ed the standard altitude^ which in this country 
fluctuates between tweuty-ejght and thirty-one 
inches, and the difference between the greatest 
^nd least altitudes is called the scale of varia^ 
Hon. 

EfnmcL Is the fluctuation of the mercury dif- 
ferent in other parts of the world ? 

Father, Within and near the tropics, there is 
little or no variation in the height of the mer- 
cury in the barometer in all weathers : this is 
the case at St. Helena, At Jamaica the varia- 
tion very rarely exceeds three-tenths of an inch: 
at Naples it is about onei inch : whereas in Eng- 
land it is nearly three inches, and at Peters- 
burgh it is as much as -3) inches* . 

Charles, The scale of variation is the silver- 
ed plate, which 19 divided into inches and tenths 
of an inch : but what do you call the moveable 
index ? 

Father, It is called a vernier ^ from the in- 
ventor'iiname, and the use of it is to show the 
fluctuation of the mercury to the hundredth part 
of an inch. The scale of inches is placed on 
the right side of the barometer tube, the begin- 
ning of the scale being the suriaoe of the mer- 
cury in the basin : the vernier plate and index 

* See the rules iit the^ttd 9f the vdunie. 
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Bmma. Then the whole height if 29 inches 

2 tenths, and one of the divisioni on the ver* 
nier ; which is equal to a tenth and a hundredth; 
that M9 the height of the mercury is 29 inches^ 

3 tenths, and 1 hundredth, or d9.31. 
Father. If figure 2 on the vernier stand even 

with a division on the scale, how should you 
call the height of the mercury ? 

Emma, besides the number of tenths, I must • 
add 2 hundredths, because each, division of the 
yernier contains a tenth and a hundredth: there- 
fore I say the barometer stands at 2f^.32 ; that 
iSy 29 inches, 3 tenths, and 2 hundredths. 

Father. Here is a representation a b (Plate 
vir. Fig. 28.) of the upper part of a barometer 
tube ; the quicksilver stands at between a and 
c : from j to or is part of the scale of variation ^ 
1 to 10 is the vernier^ equal in length to -^^ths 
of an inch, but divided into ten equal parts. In 
the present position of the mercury, the figure 
1 on the vernier coincides exactly with 29.5 on 
the scale : and finding the index stand between 
the sixth and seventh divisions on the scale, I 
therefore read the height 29.61 ; that is, 29 
inches, 6 tenths, and 1 hundredth, 

Charles. I now" understand the principle of 
the barometer, but I want a guide to teach me 
how to predict the changes of the wither, 
which- the rising and falling pf the mercury 
presage. 

Father. I will give you rolea for this purpose 
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the incumbent skies :'' is the height of the at- 
mosphere known ? 

Father. If the fluid air were similar to water^ 
that is, every where of the same density, no-^ 
thing would be easier than to calculate its 
height. — When the barometer stands at dO 
inches, the specific gravity of the atmosphere is 
800 times less than that of water ;* but mer- 
cury IS about 14 times heavier than water, con- 
sequently the specific gravity pf mercury is to 
that of air as 800 multiplied by 14 is to 1 ; or 
mercury is 11,300 times heavier than air. In 
the case before us, a column of mercury, 30 
inches long, balances the whole weight of the 
atmosphere ; therefore, if the air were equally 
dense at all heights to the top, its height must 
be 11,200 times 30 inches; that is, the column 
of air must be as much longer than that of the 
mercury, as the former is lighter than the latter. 
Do you understand me ? 

Charles. I Uiink tdo: 11,200 multiplied by 
30 gives 336,000 inches, which are equal to 5i 
miles nearly. 

Father. That would be the height of the at- 
mosphere, if it were equally dense in all parts : 
but it is found that the air, by its elastic quali- 
^9 expands and contracts, and that at 3i miles 
above the surface of the earth it is twice as rare 
as it is at the surface ; that at 7 miles it is 4 

* See Conversatioii XXVClt. of this rolume. 
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would weigh less than the 16 thousandth part 
of 14 graiBSy consequently at that height its 
density must be next to nothing. From expe- 
riment and calculatioh, it is generally admitted, 
that the atmosphere reaches about 45 or 50 
miles above the earth's surface. 

Charles. By comparing the state of the atmo- 
sphere at the bottom and at the top of a moun- 
tain, should you percelye a sensible difference ? 

Father. We must not trust to our feelings on 
such occasions. The barometer' will be a sure 
guide. I will not trouble you with calculations, 
but mention two or three facts, with the con- 
clusions to be drawn from them. In ascending 
the Puy de Domme, a very high mountain in 
France, the quicksilver felt 3J inches ; and the 
height of the mountain was found, by measure- 
ment, to be 3204 feet. By a similar experiment 
upon Snowden, in Wales, the quicksilver was 
found to have fallen ^^^ inches, at the height of 
3720 feet above the surface of the earth. 

From these and many other observations, it 
is inferred, that in ascending any lofty emi- 
nence, the mercury in the barometer will fall 
-^^ of an inch for every 100 feet of perpendicu- 
lar ascent This number is not rigidly exact, 
but sufficiently so for common purposes, and it 
will be easily remembered. The three follow- 
ing observations were taken by Dr. Nettletob, 
near the town of Halifax, 
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felt when the air was taken from under our 
hands. But^ how^ Sir, do you make out the as-* 
sertion ? * 

Father, When the barometer stands at 29.5, 
the pressure of the air upon every square inch 
is more than equal to 14 pounds ; call it 14 
pounds for the sake of even mimbers, and the* 
surface of a middle' sized man is 14^ feet; tell 
me now the weight he sustains. 

Charles. I must Qiultipjy 14 by the number 
of square inches in 14) feet : now there are 144 
inches in a-square foot, consequently in 14i feet, 
there are 2088 square inches; therefore 14 
•pounds multiplied by 2088 will give 29,232, the 
number of pounds-weight .pressing upon such a 
person. 

Father, That is equal to about 13 tons ; now 
if Emma reckons herself only half the size oC 
a grown person, the pressure upon her will be 
equal to 6i tons. 

Emma, What must the pressure upon the 
wht)le earth be ? 

Father. This fou may calculate at your lei- 
sure, I will furnish yoti with the rule. 

" Find the diameter of the earth,* frbm which 
you will easily get the superficial measure 'in 
square inches, and this you must multiply by 
14, and you get the answer to the question iB 
pounds avoirdupois.** » 

• See Vol. I. Conversation Vll. Note. 



viktioH) it 10 U4ual to have two instnuiieatSy one 
attached to, or near the barometer, and ihp 
other out of doorB, to which neither the direct 
nor reflected rays of the siin should ever comeL 
Though mjr tberinometera are both of the same 
construction^ and such as are principally used 
in this country, yet there are others made of 
different materials and upon different principles* 

Charles, Does not this thermometer consist 
of mercury enclosed in a glass tube, which is 
fixed to a graduated frame ? 

Father* That is the constnictidn of Fahridn^ 
heit's thermometer : but when these instruments 
were first invented, about two hundred years 
ago, air, water, spirits of wine, and then oii^ 
were made use of; but these have given way to 
quicksilver, which is considered as the best of 
all the fluids, being highly susceptible of expan« 
^sion and contraction, and capable of exhibiting 
a more extensive scale of heat Fahrenheit's 
thermometer is chiefly used in Great Britaio^ 
and Reaumur's on the (Continent 

Emma* Is not this the principle of the ther'^ 
mometer, that the quicksilver eltpands by heat^ 
and contracts bv cold ? 

Father. It is : place your thumb on the bulb 
of the thermometer. 

Emma. The quicksilver gradually rises. 
' Father. And it will continue xlo rise till th^ 
mercury and your thiun^ ^re of ec]^^ beat 
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f, Now you have taken away your hand^ yoii 
perceive the mercury is /ailing as fast as it rose* 
^ Charles, Will it come down to the same point 
at which it stood before Emma touched it ? 

Father. It will, unless, in this short space of 
time, there has been any change in the sur* 
rounding air. Thus the thermometer indicates 
thb temperature of the air, or, in fact, of any- 
body with which it is in contact Just now it 
was in contact with your thumb, and it rose ia 
the space of a minute or two from 56° to 62^ ; 
had you held it longer on it, the mercury would 
have risen still higher^ It is now falling, 
plunge it into boiling water, ^ and you will find 
,that the mercury rises to 212° Aftferwards you 
^ay, when it is cool, place it in ice, in its malt- 
ing state, and it will fall to 32°. 

Emma. Why are these particular numbers 
pitched on? 

Father. You will not perhaps be satisfied if 
I tell you, that the only reason why 212 was fix- 
ed on to mark the heat of ^ boiling water, and 
thirty-two that to show the freezing point, was, 
because it so pleased M* Fahrenheit : this, how- 
ever, was the case. ' 

Charles. I can easily conceive that at the 
same degree of cold, water will always begin 



• Thi< should Ire done very gradually, by holdings it some 
time in the steam, to preyent its breaking by the sudden 
beat. ; 
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to freeze) but surely there ute diflferent degrees 
of h^t in boiling Water, and therefore it ahoald 
seem strange to have on)f one number for it 

FaiMri In an open veaisel, boiling water id 
always of the same heat, that ia, provided thef 
density of the atmosphere be the same ; and 
though you incfrease your fire in a tenfold pro- 
portion, yet tife water will never' be a single 
degree hotter 9 for the supeis^bundant heat, oom* ^ 
muntcated to the water,, flies off in the form of 
ateam or vapour. 

J^mma. But suppose you eonfine the steaitf . 

Father. Before I. should attempt this, I must 
be provided with a strong vessel^ or, as you 
have seen under the article of the .stea1n-engine> 
it would certainly burst But in a vessel pro^ 
per fdr the purpose^ water has been made so hot 
as to melt solid lead. 

Charles. Will you explain the construetioa < 
qf the thermometer ? 

Father, k b' (PIftte vn. Fig. 29. )r represents 
a glass tube, ihe end a is blown into 2( bulbv 
and this, with a part of the tube, are filiecf wiljf . 
mercury. In gt)od thermometers, the upTpef 
part of the tube approaches to a perfect vacti* 
urn,, and ^of course the end n is hermetically 
sealed* If the tube be now placed* in pounded 
ice» the mercury will sink to a certain point :r, 
which must be marked on the tube, and^n the 
scale opposite to this point ^U must be placed^ 
which is called the freezing point Then let it 
roL. 11.— T 2 ^ 
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CONVERSATION XLIV. 

Of lb« TtiCTinemetci. 

Charla. It qaicktilrer, when frozen, a mIuI 
meftl, like iron and other tnetalf ? 

Father. It ii tfaui far ■imil>r io them, that it 
n malleable, or will bear hammering. And 
when the qoickailver boils, it goes off in rapour 
like boiling water, only naeb flower. Hence 
it baa been interred, that all bodies in nature 
are capable of exi^ng either in a toUd, fluid, 
or aliform state, according U> the degree oS 
heat to which thej' are exposed. 

Emma. I aodentand Uiat water may be ei- 
ther solid as ice, or in its fluid natural state, or 
ID a state of rapour or steam. 

FatMer. I do not wondo* "that yon call the 
fiaid state of water its nMoral state, because we 
are accustomed, in general, to see it so ; and 
when it is frozen into ice, there appeara to us,- 
in this country, a riolence committed upon na- 
ture. But if a person from the West or East 
Indies, who had never seen the efl^ets of frost, 
were to arrire in Great Britain during a scTere 
and long continued one, such as formeriy con- 
gealed the surface of the Thames, unless be 
were told to the contrary, he. would eoncloda 
that ice was some mineral, and naturally solid> 
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mences in a dull red heat, and proeeedf rega* 
larly^ as the heat inereaaet, till the eUjr is vitri' 
fied^ jor transformed into arlassy sub^nee* 
This IS the prineiple of Mr. Wedgeirood's ther- 
mometer. 

•■ Emma. Is vitrifieatioo the limit of this tiier* 
fliometer? 

Father. Certainly. The eonstrtsetion and qy- 
plication of this is extremely simple, and it 
marks all the diflferent degrees of ignition from 
the red heat, visible only in the dark, to the 
beat of an air /umace. It consists of two rulers 
fixed on a plane, a little farther asunder at one 
end than at the other, leaving a space between 
them. Small pieces of alum and clay, mixed 
together, are made just large enough to enter 
at the wide end : they are then heated in the fire 
with the body whose heat is to be ascertained. 
The fire, according to its heat, contracts the 
ealhy bbdy, so that being applied to the wide 
end of the gauge, it will slide on towards the 
narrow end, less or more,' according to the de- 
gree of heat to«whieh it hj» been exposed.* 

• We Iwrey in the fermer p«f»<if tlut wwk, o b»ef? cJ » 
thaik an bodiet are expanded \j heat. The dmuaation of 
the affiflaecoiis aobftMcea laade oae of by Mr. Wedgewood 
Mpean to be iui exception : bat aa tbe cootrKtion oftheae 
doeanot commenee oO Ihinrare expoaed to a red beat, it 
may probably be accounted fo, from the expolaoD of tbe 
llmd partieiei^ nitber tfaaafion any rest oaotracQoo in the 
flolids. 
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Charles. You iaid that Reaumur's ihermo- 
meter was chiefly used ahroad; whi^ is the dif- 
ference between that apd Fahrenheit's ? ^ 

Father, Reaumur places the freezing point at 
Oy or zero, and each degree of his thermoiheter 
is equal to 2iy or ^ degrees of Fahrenheit's; 

Emma, What does he make the heat of boil- 
ing water ? 

Father. Having fixed his freezing poii\t at 0. 
and making one of hii degrees equal to 2i of 
Fahrenheit, .the heat of boiling water must be 

Charles. L^t me Sjee. The number of degrees 
between the freezing and boiling points of Fah- 
renheit's thermometer is 180* which, if divided 
by 2i, JOT 2.*25, gives 80 exactly. 

Father. You have then a rule by which you 
may always convert the degrees of Fahrenheit 
into those of Reaumur ^ ^< subtract 32 from the 
given number^ and multiply by the fraction^." 
Tell me, Emma, what de^ee on R^umur's 
soile answers to 167^ of Fahrenheit. 

Emma. Taking 32 from 167 there remains 
135, which multiplied by 4 gives 540, an^ this 
divided by 9 give^ 60, So that 60^ of Reaumur 
answers to 1^7^ of Fahrenheit / 
, Charley How shall I reverse the operation, 
and find & number, on Fahrenheit's scale that 
answers to a given one on Reaumur's ? 

Father. << Multiply the given number by the 
improper fraction |, and add 32 to the product.'^ 
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CkarUs Is all this apparatui neetfaary for 
the purpose ?. 

Father. This, as far as I knowi is OM of the 
mont simple pyrometersi and admitting Qf an 
easy'explanationi I have chosen it in preference 
to a more oomplioated instrument, which might 
be Buiceptible of greater nioety. 

To a flat piece of mahogany A ▲ aire Axed 
three studs n, c, and D, and at b there is an ad- 
justing screw r. a v is an ind^Xt turning very 
easy on the pivot r^ and l s is another turning 
on Xf and pointing to the scale m y« m is part 
of a watch spring, fixed at r, and pressing gent- 
ly upon the index l s. Here is s bar of iron» 
at the common temperature of the surrounding 
air ; I lay it in the studs o and D| and adjust 
the screw p so that the index l s may point to 
on the scale. 

Charles. The bar cannot expand without mov- 
ing the index r b, the erpoked part of which, 
pressing upon l s, that also will be moved if 
the bar lenx^ena. 

- Father. Try the csperimQnt ; friction, yon 
know, produces heat ; take the bar out of the 
nuts, rubit briskly, and thei) replace it. 

Emma. The index i. s has moved to that part 
of the scale Which is . marked 8. it is now Koing 
back : how do you calculate tne length of the 
expansion ? 

JPathfT. The bar pressed agaipst the ind«^ 
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expaDds ^^^ib pari of an ineb^ bow mueh will s 
move? 

Charles. One iiicb. 

Father. But everj inch may be divided into 
tenths, and eonieqiientljr if the bar lengthen 

only the ^^Vr^ P"^ ^' ^° ''^^b' ^'^^ point s will 
move ttitoiif^ the tenth pi^ of an incb| which 
ia very perceptible. In the present case the 
point 8 has moved two inches; th^^ore the ex- 
IMinsioii 18 equal to ^l^ths, or ^^^th part of an 
inch. — An iron bar, three feet lon^ is about 
^^th part of an inch longer in sammer than in 
winter* 

Charles* I see that by increasing the nnmber 
of levers, you might carry the experiment to a 
much greater degree of nicety. 

Father. Well, let ue now proceed to the hy- 
grometer, which is an instrument contrived for 
measuring the difierent degrees of moisture in 
the atmosphere. 

JEmma. I have a weather-house that I bought 
at the fair, which tells me this ; for if the air 
is very moist, and thereby denotes wet weather, 
the man comes out ; and in fair weather, when 
the atmosphere is dry, the woman makes her 
appearance* 

.Charles, How is the weather-house construct- 
ed? 

Father. The two images are placed on a kind 
of lever, which is sustained by catgut ; and cat- 
gut is very sensible to m^isture^ twisting and 
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mate is Mahhf the htrp, violin, fto. th«t ir<i Mt 
to tune one day, will need fome itieratton be- 
fore they can be uted the next. 

Here is a seniible and very simple hygrome- 
tert it consists of a piece of whip-oord| or oat* 
gut^(PI)Ate vn. Fig. Sfl.) fastened at A» and 
Btretched over several pulleysi », C| 0f a, r | 
atthe end is a little weight w, to which is an 
index pointing to a graduated scale. 

Charles. Then according to the <logree of 
moisture in the air, the string shortens or length- 
ens, and of course the index points higher or 
lower. 

Faiher. Another kind of hygrometer consists 
of a piece of sponge a (Plate vii. Fig. S3.) pre- 
pared and nicely balanced on the beam » Sfi 
and the fulcrum ;s lengthenei 6ut into an index 
pointing to a scale A c. 

Emma. Does thesponge imbibe moisture suf- 
ficiently to become a good hygrometer? 

Father. Sponge of itself will answer the pur- 
pose^ but it is made much more sensible in the 
following mimucr : 

After the sponge is well washed from all im- 
purities and dried again,^ it should be dipj^d 
into water or vinegar in which sal-ammoniac^ 
salt of tartar, or almost any other saline stib^ 
stance, has been dissolved^ and then suffered to 
dry, when it should be accurately balanced. 

Charles, Do the eatine partkle9> in damp 
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JFather. It shows the height to which the raia 
would rise on the place where it is fixed, if there 
were no evaporation, and if none of it were im- 
bibed by the earth. One which is made and 
0old by Mr. Jones, of Holbbrn, consists of ^e 
ffinnel a (Plate vu^ Fig. 34.) communicating 
With a cylindric tube b. The diametei* of the 
funnel is exactly 12 inches, that of the tubeift 
4 inches; Tell me, Emma, what proportion the 
area of the former has to that of the latter. 

Emma. I remember that all plane surfaces 
beai^ the same proportion to one another that 
the squares of their diameters have. Now the 
square of ^ is 144, and th^ square of .4 is 16, 
therefore the pn'oportioa of the area of the funnel 
is to that of the tube as 144 to 16. 

father. But 144 may be divided by 16 wth- 
out leaving a remainder. 

Charles. Yes ; 9 times 16 is 144, consequent- 
ly the proportion is as 9 to 1 ; that is, the area 
of the funnel is 9 times greater than that pf the 
tube. 

* Father. If then the water in the tube be rais- 
ed 9 inches, thfs depth of rain fallen will, in the 
area of the funnel, which is the true gauge, be 
only one inch. * . V 

Smma, Does the little graduated rule mark 
the rise ? 

Father. Yes, it does. It is a floating index 
divided into inches. ' 

Bmma. If then the float be raised 1 inch> la 
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Wm equal to rather more than one inch in depth. 
In the month of June (lAOl) the rain collected 
in the ffauge weighed 114 ounceSi which is near- 
ly eoual to 9 inchea in depth. 

Charles. Priiy explain the reason of multi* 
plying the number of ouncea by the decimal 
•178. 

Father. Ev^y callon of pure rain water con" 
taina 831 cubio inohef, and weighs 8 lb. 5 oz. | 
avoirdupois, or I33.6i8 ounces ; oonsequently 
every ounce of water is equal toSdl-i-133.66» 
1.73 cubio inches ; but the area of the funnel is 
10 square inches, therefore 1.734-10aB8. 173 gives 
the depth of rain fallen for every cubic inch of 
water oollectedi or for everv ounce in the guage. 

You have now a pretty full account of all the 
instruments neoessarv for judging of the state 
of the weather, and for comparing, at different 
seasons, the various changes as they^happen. 

Emma. Yes ( the barometer informs us how 
dense the atmosphere is ; the thermometer ena- 
bles us to ascertain its heat ; the hygrometer 
what degree of moisture it oontains ; and by the 
rain-gauge we learn how much rain falls in a 
given time. 

Father. The rain-gauge must be fixed at 
some diatance from all buildings, which inight 
in any way shelter it from particular driving 
winds ; and the height at which the surface ot 
Jt^e funnel is from the ground muat be ascer* 
'^ned, 
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her when it proves fair shortly sftar the mpt' 
:ury has risen. 

5. In w«t weather, wbea the .mercury rises 
nuch and hicht and so continue! for two or 
itree days befora the bad weather is entirely 
iver, then a continuance of lair weather maybe 



la fair weather, when the mercury, falk 
[nuch and low, and thtH continues for two or 
three days before the rain comes, then a ded of 
tvet may be expected, and probably high winda. 

7. The unsettled motion of the mercury da- 
notes unsettled weather. 

8. The words eogriTed on the- scale are not 
BO much to be attended to as' the rising and ' 
falling of the mereury : for if it stand at much 
rain, and then rises to eharigeabte, it denotes 
fair weathec* though not to continue so long as 

if the mercury had risen higher. If the rtair- 
cury stands at/aiV, and falls to qhangeabk, had 
weather may be eapected, 

9. In winter, spring, and autumn, the sudden 
falling of the mercury, and that for a Ui^ 
j^ce, denotes high winds and storms ; but in 
summer, it pressges heavy showers, and often 
thunder. It always sinks lowedt of all for great 
winds, though not accompanied witii rain ; but 
it falls more for wind and rain together than for 
either of them alone. 

10. If after rain, the wind change into any 
part of the north, with a clear and dry sky, afiA ^^ 
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